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Hydraulic  Mining  in  California. 


CIIAI'TER  I. 

T\IE  KhX.OKDS  Ol'  (.( )LI)  \V.\SHIN(;. 

The  records  of  jrold-washiiig-  have  been  traced  al- 
most to  the  prehistoric  period,  li  any  reliance  can  be 
placed  upon  the  traditions  which  have  descended  to  us, 
the  yield  from  the  auriferous  deposits  of  the  ancient  world 
must  have  been  enormous.  It  is  a  well  authenticated  fact 
that  the  Greeks  carried  on  from  the  earliest  times  an  ex- 
tensive commercial  intercourse  with  the  people  who  lived 
north  and  east  of  the  Euxine  Sea,  and  thus  drew  large- 
ly on  tlie  ijold-helds  of  8il)cria,  from  which  source  the 
Gothic  tribe  of  the  Massa<j-ctiL'  also  obtained  their  wealth. 
Tliese  gold  deposits  are  supposed  to  have  been  situated 
in  lat.  53°  to  55°  N.,  and  are  said  to  be  identical  with 
those  worked  by  the  Russians  diirinj^  the  present  cen- 
tury. 

Asia  Minor. — The  mountains  and  streams  of  Phrygia 
and  Lydia  yielded  gold  in  ancient  times,  and  history  has 
familiarized  us  with  the  wonders  of  the  Pactolus,*  from 
whose  famous  golden  sands  Croesus  is  said  to  have  de- 
rived his  wealth.  The  sands  of  Asia  Minor  long  since 
ceased  to  yield  the  precious  metal. 

Italy. — From  a  passage  in  Strabo  (book  iv,  chap.  6, 
sec.  12)  it  appears  that  imperial  Rome  was  "inundated 
with  a  glut  "  of  gold  frojn  her  northern  mountains,  the 
Alps.  Polybius  says  that  in  his  times  gold-mines  were 
so  rich  about  Aquileia  .  .  .  that  if  you  dug  but  two  fee, 

*  Herodotus,  book  v.  c.  loi  ;  Strabo,  book  xvii. 
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below  the  surface  you  found  gold,  and  that  the  diggings 
generally  were  not  deeper  than  fifteen  feet.  .  .  .  Italians 
aiding  the  barbarians  in  the  working  for  two  months,  gold 
became  forthwith  one-third  cheaper  over  the  whole  of 
Italy.* 

Gold  alluvia  are  known  to  exist  in  various  localities 
in  Upper  Italy,  but  appear  to  be  poor;  and  at  the  pre- 
sent time  no  gold-washing  is  carried  on,  except,  perhaps, 
by  a  few  individual  workers.  The  sands  of  the  Oreo, 
the  Jassin,  the  Fo,  and  the  Serio  are  estimated  to  have 
yielded  three  hundred  ounces  of  gold  in  i862.t 

Spain  and  France. — The  Romans  arc  stated  to 
have  washed  the  sands  of  st;  vjams  along  the  base  of  the 
Pyrenees.:}; 

The  Phoenicians  obtained  gold  from  the  bed  of  the 
river  Tagus  iioo  B.C.,  and  washings  are  reported  along 
this  stream  as  late  as  1833  A.D.  The  Douro  sands  were 
worked  for  gold  by  the  Arabs  until  1 147  A.D.  Up  to  the 
close  of  the  fifteenth  century  the  deposits  of  the  river 
Ari^ge  yielded  annually  about  one  hundred  ptJunds  of 
the  precious  metal.  .\s  late  as  1846  gold-washings  are 
reported  along  the  Rhine  between  Strassburg  and  Phil- 
ippsburg. 

Africa. — At  the  present  time  but  little  gold  is  found 
within  the  limits  of  Abyssinia  and  Nubia,  though  the  an- 
cient Egyptians  mined  the  precious  metal  in  the  latter 
country.  The  ancient  mines  described  by  Lenant  Bey 
are  situated  in  a  district  called  Attaki,  or  Aliaki,  between 
Berenice  and  Suakin,  on  tlie  Red  Sea,  one  hundred  and 
twenty  miles  distant  from  Ras-Elba.  They  are  spoken  of 
by  Diodorus  Siculus,  and  shown  on  one  of  the  oldest 
topographical  maps  extant,  preserved  in  Turin. 

•  '*  Siluria,"  foot-note,  p.  449  ;  also  Pliny,  book  iii.  c.  6,  on  the  Great  Value  of  the  Mines 
of  Italy. 

t  "  Report  on  Precious  Metals,"  W.  P.  Blake,  Paris  Universal  Exposition,  1867. 

J  Strabo,  book  iv.  p.  290  ;  Caesar,  "  De  Bcllo  Gallico,"  iii.  21  ;  Jacob's  "  Inquiry'  into  the 
Precious  Metals."  p.  51. 

§S«e- "  Agatharchides  '1-  Rubro  Mari,"  in  Diodorus,  b.  iii.  c.  i»-»5;  *'  Account  of  the 
Mines  in  Nubia  and  Ethiopia"  ;  also  Jacob's  "  Inquiry  into  the  Precious  Metals,"  ch.  11. 
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The  earliest  record  of  the  E<^yptian  mines  dates  truin 
the  twelfth  dynasty.  The  principal  mines  of  Kordofan 
are  between  Darfur  and  Abyssinia.  These  mines  are 
mentioned  by  Herodotus. 

Nearly  all  the  gold  obtained  in  Africa  has  come  from 
alluvial  deposits.  The  country  south  of  Sahara,  from  the 
mouth  of  the  Senegal  to  Cape  Palmas,  contains  numerous 
gold-bearing  alluvions,  which  are  worked  by  the  negroes. 
The  product  of  these  mines  is  conveyed  by  caravans  to 
Morocco,  Fez,  and  Algiers,  and  forms  a  principal  article 
of  export  from  the  Guinea  coasts.  Gold-dust  is  ob- 
tained also  on  the  southeast  coast,  between  lat.  25°  and 
22°  S.,  opposite  Madagascar,  in  the  country  of  Sofala, 
by  some  writers  identified  with  the  region  from  which 
Solomon  obtained  his  wealth.  Recently  alluvial  de- 
posits have  been  worked  in  the  Transvaal,  Leydenburg 
district  (lat.  25°  S  ,  long.  35°  E.),  where  coarse  nuggets 
of  gold,  weighing  as  much  as  eleven  pounds,  have  been 
found. 

The  approximate  gold  export  of  all  Africa  fi'om  1493 
to  1875,  according  to  Dr.  Soetbeer,  amounted  to  ^106,- 
857,000. 

India. — In  the  Bombay  Presidency  gold-bearing  de- 
posits are  reported  to  exist  in  the  districts  of  Belgaum, 
Dharwar,  and  Kaladgi,  in  the  southern  Mahratta  country, 
and  the  province  of  Kattyvvar.  The  sands  in  the  streams 
arising  from  the  Surtur  series  are  auriferous,  as  are  also 
those  of  the  river  Aji.  The  central  provinces  of  India 
contain  numerous  small  deposits  of  gold,  but  the  number 
of  gold-washings  reported  is  comparatively  very  limited. 
The  gold-fields  of  Madras  have  recently  attracted  con- 
siderable attention.  The  ancient  mines  of  these  regions 
have  latterly  been  rediscovered.  The  known  accumu- 
lated weatth  of  the  ruling  dynasties  of  southern  India 
is  supposed  to  have  been  obtained  originally  from  these 
sources  and  from  Malabar. 

Brough  .Smyth,  in  his  report  on  the  Wynaad  gold- 
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fields,  1879-80,  states  that  the  country  is  covered  with 
taihngs,  an  evidence  of  the  industry  of  the  Korumbas. 

In  the  province  of  Mysore  alluvions  (containin<^  very 
little  gold;  are  known  to  exist  near  Betinangla,  and  gold 
quartz  is  being  mined  at  present  in  different  parts  of  the 
•province. 

A  number  of  the  rivers  w  hich  have  their  sources  on 
the  borders  of  the  Champaran  district  and  Xepal,  in  the 
State  of  Travancore,  ccjntain  auriferous  sands,  and  gold- 
washing  is  carried  on  m  these  places  at  the  commence- 
nient  and  terniination  of  the  rains.  Auriferous  sands  oc- 
cur in  the  Kuniaun  and  Garhwal  rivers.  J  he  sands  of  the 
river  Koh,  near  Naginah,  in  the  Maradabad  district,  are 
said  to  contain  considerable  gold.  In  Punjab  all  the  riv- 
ers are  reported  to  contain  auriferous  sands.  Gold-wash- 
ing has  been  practised  in  this  district  for  man}-  3xars,  and 
was  formerlv  a  source  of  large  revenue  to  the  government. 

Asiatic  Islands. — The  sands  oi  the  streams  of  Cey- 
lon, Formosa,  the  Philippine  Islajuls,'*  and  some  of  the 
islands  of  the  Indian  Archipelago  are  known  to  contain 
gold  ;  at  Borneo  extensis'e  mining  operations  are  carried 
on  bv  the  Chinese  and  the  natives,  over  thirty  thousand 
of  the  former  being  now  employed  in  the  gold-fields. 

China. — In  the  beginning  ol  the  seventh  century  the 
celebrated  Chinese  traveller.  Hiuen-thsang,  describes  the 
couiitrv  north  of  the  Kuen-Lun,  towards  the  desert  of  Gobi, 
as  an  auriferous  district.  It  is  either  here  nr  in  the  Thi- 
betan highlands,  cast  of  the  Bolor  chain,  between  the 
Hiinalava  and  the  Kuen-Lun,  west  of  Iskardo,  that  Hum- 
boldt locates  the  land  of  gold  sand  spoken  of  bv  the  Dara- 
das  (Dardar,  or  Derder),  mentioned  in  the  Mahabharata, 
and  in  tlie  fragments  collected  bv  Megasthenes.f 

According  to  Pumpcllv  J  gold  is  found  in  fourteen  out 

*  Sec  Jacob's  "  Inquirj'  into  the  Precious  Metals,"  pp.  ^67-377. 

t  Humholdt's  *'  Cosmos."  vol.  ii.  pp.  511-516  ;  Jacob's  **  Inqiiiiy  into  the  Precious  Metals." 
p.  25. 

t  Extract  *'  Geological  Researches  in  China.  Mongolia,  and  Japan,"  1864-^5.  Riphael 
Pumpelly.    Smithsonian  Contrib..  Washington.  1866. 
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of  eitjhteen  provinces  of  the  empire.  The  greatest  luim 
l^er  of  washings  is  in  tlie  [)rovince  oi  Sze-Chuen  (Se 
Chuen)  and  along  the  branches  of  the  Kuen-Lnn  moun- 
tain chain,  which  have  an  east  and  west  trend,  penetrat- 
ing into  Central  China  between  the  Wei  River  and  the 
Sze-Chiien  boundarv.  Placers  are  numerous  at  the  base 
of  the  water-shed  between  Kwei-Chow  and  Hu-Nan,  and 
through  the  centre  of  Shantung,  from  s<juthwest  to  north- 
east.   Most  of  these  placers  furnish  coarse  gold. 

In  the  province  of  Shensi,  on  the  northern  frontiers  at 
Hopoota  and  the  Hala  Mountains,  much  gold-dust  is  ob- 
tained annually.  "  Hundreds  of  thousands "  of  natives 
find  employment  in  washing  the  sands  of  the  river  Kinsha- 
Kiang.  On  the  banks  of  the  Lou-tsze  Kiang  there  are 
numerous  gold-washings,  and  gold  is  reported  to  be  found 
in  almost  all  of  the  streams  in  the  eastern  portion  of  Shan- 
tung. 

Consul  Adkins  (1877),  at  Newchwang,  reports  rich 
diggings  in  the  valley  of  Chia-t'i-kou  thirty  miles  long,  and 
about  five  or  six  days'  journey  east  by  south  from  Kirwin 
and  Newchwang. 

Henry  F.  Holt's  "  Notes  on  Gold  in  China,"  published 
in  Lock's  work  on  "  Gold,"  give  very  interesting  infor- 
mation of  the  condition  of  gold-mining  in  this  country, 
and  Pumpelly  furnishes  a  table  of  the  placers. 

Japan. — Gold  was  first  discovered  in  Japan  in  749 
A.D.,*  and  the  art  of  mining  is  said  to  have  been  intro- 
duced from  China  about  the  close  of  the  same  century. 
The  gold-fields  of  the  Musa  valley  are  reported  to  have 
been  worked  by  miners  from  Chikusen  A.D.  1205.  J^P^^n 
has  always  been  represented  as  a  country  rich  in  precious 
metals.  Marco  Polo,  in  the  thirteenth  century,  said  of 
Zipangu  :  "  They  had  gold  in  the  greatest  abundance,  its 
sources  being  inexhaustible."  "  Great  abundance  "  of 
gold  was  reported  by  Kaempfer  in  1727.  The  export  of 
precious  metals,  chiefly  gold,  from  1550  to  1639  by  the 

*  According  to  Dr.  Geerts. 
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Portuguese  was  about  $300,000,000.  and  from  1649  to 
167 1  the  Dutch  traders  sent  home  $200,000,000,  two-thirds 
of  which  was  silver.*  In  the  latter  year  the  Japanese 
government  forbade  further  export.  The  maximum  gold 
production  of  this  countr)-  was  reached  during  the  last 
half  of  the  sixteenth  century.  Since  that  time  the  yield 
of  gold  has  decreased  steadil}-,  and  the  product  in  1874  is 
estimated  by  J.  H.  Godfrey,  Chief  Engineer  of  the  Min- 
ing Office,  at  12,000  ounces  Troy. 

The  deposits  from  which  this  wealth  was  drawn  were 
principally  shallow  placers.  Prof.  Munroe  says  that  the 
present  gravel-beds  in  Japan  are  of  fluviatile  origin,  shal- 
low, limited  in  extent,  and  uniformh-  poor.  The  richest 
deposits,  near  Vesso,  contain  less  than  seven  cents  per 
cubic  vard,  and  the  average  of  the  best  does  not  exceed 
five  and  one-half  cents.f 

Russia. — Russia  possesses  extensive  gold-bearing  de- 
posits. The  principal  mining  districts  are  those  of  the 
Ural,i  the  Altai  region  in  western  Siberia,  western  Turk- 
istan,  the  northern  and  southern  Yeniseisk  fields,  the  cir- 
cuit of  Atchinsk  and  Minusinsk,  Kansk  and  Nijneudmsk 
in  the  government  ot  Irkutsk,  Verkneudinsk,  Barguzinsk 
in  Trans-Baikalia,  Olekminsk,  the  basin  of  the  Lena,  the 
country  along  the  Amur,  and  Nerchinsk. 

According  to  Lock  ("  Gold,"  p.  437)  the  total  yield  of 
all  the  Russian  gold-washings  fnmi  1814  to  i860  mclusive 
(forty-seven  years)  amounted  to  35,487  poods,  or  1,548,661 
pounds  Troy  of  alloyed  gold.§ 

In  the  reports  of  the  United  States  Commissioners  to 
the  Universal  Exposition  at  Paris,  1878,  vol.  iv.  p.  248, 
James  D.  Hague  states  the  approximate  total  production 

•  Griffis  ("  Mikado's  Empire,"  p.  602)  says  that  "  Japan  exported  during  the  sixteenth 
and  seventeenth  centuries  £103,000,000  in  precious  metals." 

+  See  '*  Mineral  Wealth  of  Japan,"  by  Henry  S.  Munroe.  E.M..  Tians.  Am.  lost.  Min. 
Eng'rs..  vol.  v. 

J  GmelinN  **  Journey  through  Siberia,"  4  vols.    GOttingen,  1751-2. 

§  For  production  of  i;otd  in  Russia  see  also  Jacob's  work,  appendix  pp.  414,  415  ;  Report 
of  the  United  States  Monetary  Commission,  p.  571  ;  Sir  Hector  Hay's  "  Parliamentary  Re- 
port on  Silver,"  1876,  App.  25. 
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of  gold  in  Russia  from  1753  to  1876  inclusive  to  be  $730,- 
000,000.  He  also  gives  the  following  table  showing  the 
yield  of  the  auriferous  deposits  during  eleven  years: 

TABLE  1. 


Years. 


1867 
1868 
1869 
1870 
1871 
1872 

1873 
1874 

1875 
1876 
1877 


No.  of 
Explora- 
tions. 

Quantity  of  sand  and 
mineral  washed. 
Poods. 

1 

Quantity  of 
gold  ex- 
tracted. 
Poods. 

Approximate  value 
of  product. 

878 

968,423,325- 

1,650 

$t7,958,6oo 

993 

1,177,288,244 

1,711 

18,622,524 

1, 129 

1,054,570,392 

2,007 

21,844,188 

1,208 

983,475.095 

2,157 

23,476,788 

978 

1,081,518,424 

2,400 

26,121,600 

1,055 

1,044,027,585 

2.331 

25,370.604 

1,018 

954,648,764 

2,025 

22,040,700 

1.035 

937.578,045 

2,027 

22,061,868 

1,092 

1,007,293,492 

1,996 

21,724,464 

1,130 

1,022,543,362 

2.054 

22,355,736 

2,430 

26,448,120 

The  aggregate  of  the  poods  is  about  184,000,000  tons 
of  2,000  pounds  avoirdupois,  and  the  corresponding  pro- 
duct is  valued  at  $221,576,472,  assuming  that  the  weight 
of  gold  given  is  pure  metal. 

The  Ural — The  gold-fields  of  the  Ural'  extend  from 
the  sixty-first  parallel  northward  about  six  hundred  and 
ninety  miles  to  the  Arctic  Ocean,  and  south  into  the  Cos- 
sack and  Baskir  districts.  The  most  valuable  deposits 
have  been  found  in  the  districts  of  Miask  and  Kashgar. 
At  the  former  the  largest  nuggets  have  been  obtained, 
and  at  the  latter  emeralds  and  pink  topazes  occur  asso- 
ciated with  the  gold.  Near  Bijgoslofsk  is  the  celebrated 
mine  of  Peschanka.  The  production  of  these  districts 
has  steadily  fallen  off  since  i860— a  fact  attributable  to 
the  impoverishment  of  the  placers,  which,  nevertheless, 
are  calculated  by  Bogoliubsky  to  represent  a  value  of 
$61,660,000. 

The  Ekaterinburg  group  occupies  the  central  Ural. 
The  whole  eastern  slope  of  the  Ural,  north  and  south  of 
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Ekaterinburg  is  aiiiilcroiis.  The  principal  mine  of  this 
district  is  the  Beri(jzofka,  which  has  produced  largely. 
The  tirst  washings  were  commenced  here  in  1814,  but  up 
to  1 86 1  there  was  little  or  no  improvement  made  in  the 
method  of  working. 

In  the  southern  L'ral  lies  the  celebrated  region  u[ 
Zlatausl,  lat.  55=  11 '  X.,  long.  77°  26'  E.  The  gold  allu- 
vion is  found  along  the  lateral  streanis  which  feed  the 
Miask.  This  river  was  remarkable  for  its  nnnerals  and 
precious  stones.  The  .Miask  placers  were  the  richest 
in  tiie  Ural,  but  of  late  years  their  product  has  l)een 
very  small. 

The  Altai.  —  Mining  in  tlic  Altai  is  said  to  dale  from 
a  very  early  period.  The  discovery  of  the  alluvial  de- 
posits along  the  Fomiha  River  in  1830  gave  a  new  im- 
petus to  gold-mining  in  Siberia,  but  richer  fields  have  in 
later  years  attracted  the  miners,  and  the  production  of 
this  district  appears  to  have  fallen  to  one-tenth  of  what  it 
was  twentv  veai  s  ago. 

Tiirkistau.  —  The  auriferous  deposits  in  western 
Turkistan,  along  the  course  of  the  river  Tentek,  are  said 
to  have  been  worked  by  the  Chinese.  Kuznetsof,  a  pos- 
tal contractor,  in  1868  tested  some  old  Chinese  diggings 
at  Kizil-togoi,  but  from  a  summer's  work  at  considerable 
expense  obtained  onlv  one  pound  of  gold.  This  has  ilis- 
couraged  further  mining.  It  is  the  opinion  ot  manv 
that  the  detritus  of  Turkistan  is  not  at  present  \\<»rth 
working. 

The  Noilheni  Yeniseisk.— The  northern  Yeniseisk 
fields  were  discovered  in  1832.  All  the  rivers  partake  of 
the  character  of  mountain  torrents.  The  most  remunera- 
tive district  was  discovered  in  1839.  between  the  rivers 
Yeni.sei  and  Podkamennv  Tungusska. 

The  Teva  River  is  about  one  hundred  or  one  hundred 
and  fifty  feet  wide.  The  gold  deposits  along  its  banks 
have  been  explored  and  found  too  poor  to  work.  On  the 
river  Noiba  placers  were  worked  in  1842.    The  count r\ 
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was  abandoned  subsequently,  but  reopened  in  1854.  Tlie 
auriferous  stratum  lies  in  the  bed  of  the  river,  or  close  to 
it,  and  varies  in  width  fnjm  one  hundred  to  three  hiui- 
dred  feet,  with  a  depth  of  from  one  to  eight  feet.  These 
placers  now  produce  annually  a  large  amount  of  gold. 

In  the  Yenashimo  valley  the  alluvions  vary  from  two 
hundred  to  fourteen  hundred  feet  in  width,  and  do  not 
exceed  eight  feet  in  depth.  They  were  discovered  in 
1851,  and  up  to  1864  produced  largely. 

As  early  as  1840  the  attention  of  gold-hunters  was  at- 
tracted to  the  alluvions  along  the  Kalami,  a  tributary  of 
the  Yenashimo,  and  two  years  later  work  was  commenced 
in  this  valley.  These  placers  were  very  productive,  al- 
though the  auriferous  material  averages  only  from  two 
and  a  half  tf)  eight  feet  in  thickness.  The  mines  on  the 
Savaglikon  are  said  to  have  produced  from  1843  to  1864 
$25,000,000. 

In  the  valley  of  the  Chirimba  several  deposits  have 
been  washed,  and  from  the  beds  of  the  Aktolik  a  large 
amount  ot  gold  has  been  produced,  the  gravel  having  a 
depth  of  from  seven  to  ten  feet  and  varying  in  breadth 
from  seven  hundred  to  fourteen  hundred  feet.  Mining 
operations  in  the  northern  Yeniseisk  begin  in  May  and 
continue  until  about  the  first  week  in  September. 

The  Southern  Yeniseisk. — In  the  southern  Yeni- 
seisk gold-fields  the  rivers  have  heavy  grades.  In  many 
districts  a  scarcity  of  water  prevails  during  the  summer 
months.  Only  three  of  the  river  basins  are  noted  lor 
their  auriferous  alluvions,  the  others  holding  a  secondary 
rank.  The  most  important  valley  is  that  of  the  Udere}', 
where  extensive  gold-placers  have  been  worked  since 
1845,  but  are  now  nearly  exhausted.  There  are  nume- 
rous placers  along  the  river  Murojnaia  and  its  tributaries 
which  flow  into  the  southern  Yeniseisk  fields.  The  de- 
posits have  been  worked  since  1841. 

The  Great  Pit  River  is  the  administrative  boundary 
between  the-  northern  and  southern  systems.    Its  length  is 
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about  Iwo  liuudrcd  and  thirty  miles,  and  its  valley  is  from 
two  luindred  and  fifty  to  three  thcjusand  feet  wide.  The 
river  in  places  is  very  narrow,  forming  rapids.  On  the 
Burnina  and  tlie  TLijimo,  feeders  of  the  Gorbilka,  a  tribu- 
tary of  the  Fit,  there  were  iormerly  some  washings. 
Below  the  Gorbilka  the  Pit  is  joined  by  the  Penchenga, 
which,  with  its  luimerous  feeders,  esi)eciallv  the  Greater 
Lower  Ollonokoli,  is  auriferous.  The  pay  alluvion  along 
the  last-named  tributary  is  c.*nhned  to  a  channel  from 
fifty-si.x  to  one  hundred  and  seventy-tive  feet  wide,  and  is 
from  eight  to  twelve  feet  deep.  In  general  the  valleys  oi 
the  Peuchenga  are  considered  too  jjoor  to  work,  though 
on  some  ol  the  leeders  washing  has  been  carried  on. 

On  the  Untuguna,  a  feeder  of  the  .\yakta,  gold  has 
been  washed,  and  alinaiulines,  rul)ies  (poor  quality),  tour- 
malines, and  an  abund.Hice  of  zircon  have  been  toimd. 

Atc'liinsk  siiid  Miiuisiiisk  Fii'lds.— The  .\tchinsk 
and  Minusinsk  tields,  wliich  ha\c  contributed  for  many 
years  to  the  gold  production  of  -Siberia,  have  declined 
lately  in  importance. 

Kansk  ami  >ii,jiii'iuliiisk.  -  Kansk  and  Xijneu- 
dinsk,  in  the  governments  of  Yeniseisk  and  Irkutsk,  for- 
merly produced  a  huge  amount  ol  gold  annualh',  but  of 
late  years  their  yield  has  been  much  reduced. 

VerkiHMulinsk.  The  Wrkneudinsk  district,  which 
is  southeast  ol  Lake  Baikal,  produced  up  to  1874  some 
17,640  pounds  of  gold,  but  in  1877  its  production  was  only 
480  pounds.  North  of  this  held  are  the  auriferous  tracts  in 
the  basin  ol  the  Lena,  which  have  been  worked  since  1867. 

Barffuzinsk,  Oh'kiiiiiisk.  -The  Barguzinsk  dis- 
trict, in  I  rans-Baikalia,  is  imperfectly  known.  The  Olek- 
niinsk  circuit  is  .situated  in  the  basins  of  the  \'itim  and 
Olekma,  tributaries  of  the  Lena,  where  extensive  mining 
operations  have  been  carried  on.  This  district  is  one  of 
the  most  j)romising  centres  of  gold-mining  in  Siberia,  al- 
though the  climate  is  very  severe  and  the  ground  is 
frozen  during  the  entire  year. 
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Aimir.— In  the  Amur  reg-ion  the  g-old-ii-inhij^-  iiidiis- 
ti-)-  has  been  developed  suceessfull)-,  especiallv  aUmir  the 
Zehya,  the  Burehya,  and  the  Ani^ani  rivers,  hut  its  pro- 
gress has  been  checked  by  tlie  scantiness  ol  [xjpulation. 
Two  thousand  men  are  said  to  be  empIo\cd  on  the  rivers 
Ui"a  and  Oldoi  washing  the  alluvions,  which  are  about 
seven  feet  thick.  The  placers  ol  tlie  Amur  basin,  in 
Tran.s-Baikalia,  are  a  comjiarativclv-  rcccnl  discovery. 
Gold  is  widely  disseminated  along  the  chief  affluents  of 
this  river,  and  the  deposits  are  easily  worked. 

This  basin  is  reported  to  have  yielded,  up  to  1875,  a 
profit  of  ^3,500,000.  The  auriferous  deposits  are  esti- 
mated by  Bogoliubsky  to  be  one  thou.sand  miles  long, 
three  hundred  and  fiity  leet  wide,  and  to  average  five  feet 
in  depth,  containiug  16^  grains  per  3,600  pounds.  Only 
one-half  of  the  basin  is  as  yet  explored. 

Placers  are  found  on  the  islands  in  the  Sea  of  Japan,  in 
Strelok  Bay,  and  along  the  shore  of  the  Okhotsk  Sea. 

Nerchinsk.— The  placers  in  the  Nerchinsk  district 
are  generally  frozen.  Detritus  which  yields  less  than  i 
pennyweight  per  i,.Soo  pounds  has  been  found  unprofit- 
able to  work. 

Brazil. — In  1543  gold  was  known  to  exist  in  Brazil 
(Walsh,  vol.  ii.  p.  loi),  deposited  in  the  beds  of  streams. 
The  Indians  at  that  period  are  said  to  have  used  it  to 
make  fish-hooks.  Humboldt  ("  New  Spain."  vol.  iii.  p. 
401)  says  that  gold-placers  were  first  discovered  in  1577. 
The  greatest  prosperity  of  the  gold-washings  was  in  the 
middle  of  the  eighteenth  century. 

The  precious  metal  was  first  found  m  the  Riberao 
a  tributary  of  the  Rio  das  Mortes,  or  River  of  Death. 
This  name  commemorates  a  bloody  encounter  which  took 
place  between  the  gold-hunters,  who,  it  is  said,  met  and 
"  set  upon  each  other  like  famished  tigers,  impelled  by 
the  auri  sacra  fanicsr  * 

In  the  vicinity  of  the  Riberao  there  is  abundant  evi- 

*  Walsh,  "  Tr.Tvels  in  Brazil,"  vol.  i.  p.  104 
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dence  of  the  extensive  search  made  fur  guld.  The  "jaiiks 
are  everv\vJ;ere  furrowed  and  the  vegetable  mould  has 
been  entirely  removed.  Nothing  remains  but  the  red 
dirt,  cut  into  squares  by  channels  divided  bv  narrow 
ridges.  I  hese  channels  were  used  for  washing  gravel, 
and  were  cut  on  an  inclined  plane.  Die  water  was  intro- 
duced at  the  head  ol  them,  the  dirt  was  then  thrown  in, 
and  the  lighter  particles  of  clav  were  washed  away,  while 
the  gold  remained  behind.* 

The  first  placers  in  the  country  were  called  "  cata." 
The  surface  dirt  which  contained  gold  was  mined  until 
the  "  cascalho,"  or  cement-gravel,  was  reached.  This  was 
broken  up  by  pickaxes,  brought  to  the  river,  and  washed. 
The  first  improvement  introduced  was  to  conduct  the 
water  to  the  ground  and  wash  the  gravel  on  the  spot. 
These  works  were  called  "  lavras,"  and  hundreds  of  them 
were  to  be  seen  on  the  banks  of  the  Rio  das  Mortes.  A 
more  improved  method  was  practised  subsequently. 

In  some  districts  water-wheels  were  used  to  assist  in 
the  drainage  of  the  excavations,  but  were  found  so  un- 
manageable that  they  were  thrown  aside,  and  the  negroes 
were  employed  to  pack  off  the  gravel  and  rui)bish  on 
their  heads  in  small  casks.f 

According  to  Dr.  Soetbeer,  from  1691  to  1875  (one 
hundred  and  eighty-five  years)  the  gold  production  of 
Brazil  amounted  to  2,281,510  pounds  Troy.  By  tar  the 
greater  part  was  derived  from  alluvial  deposits  by  river- 
washing.  Hartt :{:  is  of  the  opinion  that  there  arc  still 
extensive  surface  deposits  which,  with  modern  appliances, 
can  be  worked  successfully  on  a  large  scale,  and  limited 
washings  now  occur  in  almost  every  province  in  the 
em[)ire. 

Chili. — Chili  contains  numerous  auriferous  deposits, 
which,  according  to  Schmidtmeyer,  extend  over  most  of 
the  coast.    The  principal  deposits  are  those  near  Co[iiapo, 


♦"Walsh,  vol.  ii.  p.  105.  +  ibid.,  pp.  iia,  113. 

♦  "Geological  and  Physical  Geography  of  Brazil." 
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Guasco,  La  Ligua,  Petorca,  Coquiinbo,  Tiltil,  Careii,  and 
Talca.  The  washings  of  Aconcagua  and  La  Ligua  have 
been  the  most  productive  and  extensive.  Gold-bearing- 
drift  has  been  reported  as  existing  throughout  the  soutli 
of  Chili,  hfty  miles  back  from  the  sea-coast,  about  tlie 
latitude  of  Coquimbo.  Crosmer  (Blake's  "  Report  on 
the  Precious  Metals,"  1 867)  mentions  1  hat  gold  dei)osils, 
which  do  not  a|jpear  U)  liave  been  formed  by  vhe  de- 
compositi(;n  ol  regular  veins,  are  found  in  decomposed 
granite  and  red  clay  near  Valparaiso.  Similar  de[)()sits 
occur  along  the  flanks  of  the  Andes,  the  most  extensive 
being  east  (A  Chilian. 

During  three  hundred  and  tiiirtv-one  years,  ending  in 
1875,  the  gold  product  of  Chili  approximated  an  annual 
average  oi  $600,000,  principall>-  from  the  washings  of 
river-beds.  Recent  attempts  by  American  companies  to 
work  the  deposits  b)'  the  hydraulic  process  have  not  been 
attended  with  success,  the  vield  of  gold  being  much 
smaller  than  antici|)ate(l  and  the  supply  of  water  being 
too  limited. 

Bolivia. — The  statistics  of  Dr.  Soetbeer  show  that 
from  1545  to  1875  Bolivia  produced  gold  to  the  amount 
of  646,800  pounds,  or  ^41,013,300,  derived  principalK 
from  the  washings  of  river-beds  and  shallow  placers,  the 
works  on  the  river  Tipuani  being  the  most  celebrated. 
The  deposits  seem  to  be  widelv  distributed  throughout 
the  country,  but  detailed  information  concerning  them  is 
unobtainable. 

Peru. — In  Peru  gold  was  gathered  by  the  Incas  in 
large  amounts.  Under  the  Spanish  rule  more  than 
$33,000,000  are  said  to  have  been  extracted  from  the 
mines  and  washings  of  Caravaya.  The  discovery  of 
these  placers  was  made  in  1542,  and  the  production  of 
gold  from  this  vicinity  continued  until  1767,  when  the 
town  of  San  Gavan,  containing  four  thousand  families 
and  a  large  treasure,  was  surprised  and  entirely  destroyed 
by  the  Indians. 
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111  1849  iitlciition  ol  miners  was  ajjaiii  attracted  to 
Caravaya  by  rep(jrted  discoveries  of  a  ^leat  alnmdaiice  of 
•rold  ill  tlic  sands  of  one  <){  the  Caravaya  rivers.  Num- 
bers of  adventurers  visited  the  c<^untry,  but  returned  un- 
successful, l  lieie  are  fjold-washings  on  tlie  Clialuma 
liiver  and  its  tiii)utaries.  The  rej^ion  ol  .San  Juan  del 
Oro  was  once  lamous  lor  its  \  ielil.  file  sands  ol  the 
tributaries  ol  I  lie  Piirus  are  said  to  contain  j^old,  and 
those  of  the  l'K|iiitiri  arc  known  to  be  auriferous. 

Large  (le[)osils  were  worked  with  ifreat  jjioht  up  to 
1820  in  the  province  of  Pariiiacochas,  department  ot 
Ayacucho,  alonj^  the  banks  of  the  Huanca-huanca  River. 

There  are  numerous  auriferous  deposits  in  the  pro- 
vince of  Sandia,  department  of  Puno,  some  of  which  have 
been  and  still  are  bein;.;  worked  in  a  primitive  style. 

The  present  condition  of  the  ijold  rcijions  ol  I'eru 
is  unknown  to  ihe  world  at  lai'fj^e.  The  most  dehnite 
data  of  the  production  of  ji^old  from  this  country  are 
i^iven  bv  Dr.  Soetbeer,  who  savs  that  from  1533  to  1875 
the  output  a<rsrre<rated  ;^^22,8i  5,225.  Paz  Soldan  s  "  Geo- 
ijraphical  IJictionarv  of  Peru  "  contains  much  late  infor- 
mation. 

WiU'ZtK'la. — .\t  Caratal,  State  of  Ciuavana,  in  Vene- 
zuela, small  (piantities  of  ijold  have  been  obtained  from 
the  alluvial  deposits.  This  field  has  l)een  described  mi- 
nutely bv  Le  Xe\e  I'Dster,  from  whose  exjilorations  the 
latest  information  is  obtained.  The  dc|}osits  are  situated 
about  a  iuindred  and  sixty  miles  E.S.E.  of  Ciudad  Bolivar. 
In  the  vallev  of  the  Mocupia  <^f)ld-washinj^  was  carried 
on  as  eari\  as  1857.  Large  placers  have  been  recently 
discovered  about  Hlt\  miles  northeast  of  Caratal.  The 
gold  [jroduct  of  the  Caratal  mines  from  1866  to  1879  in- 
clusive is  approximated  at  $14,000,000,  and  the  mining  re 
gion  of  Guavana  is  reported  to  have  ])i()duced  since  1874 
about  §1,250,000  annually. 

The  auriferous  alluvions  near  the  river  ^'uruari  and 
along  the  banks  of  the  Rio  de  Santa  Cm/  have  been 
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worked  for  ^  ears  by  the  Indians,  and  at  Tesorero  placer- 
mining  is  still  carried  on. 

Expeditions  from  Europe  in  search  of  one  of  the  many 
El  Dorados  have  visited  this  country  and  sailed  up  the 
Orinoco.  Humboldt  ("  Personal  Narrative,"  vol.  3,  pp. 
23-44)  gives  an  interesting  account  of  this  whole  matter. 

U.  S.  of  Colombia,.— The  annals  of  gold-mining  in 
the  United  States  of  Colombia  are  replete  with  interest- 
ing information.  The  famous  El  Dorado  visited  l)y  Sir 
Walter  Raleigh  m  15 17,  and  by  the  buccaneers  in  the 
seventeenth  century,  is  situated  in  tiic  province  of  Gas- 
tilla  del  Oro.  The  Cana  mines  of  tliis  district,  whicii 
were  worked  by  slave  labor,  yielded  largely,  accord- 
ing to  tradition,  during  the  seventeenth  century.  The 
mines  of  Choco,  on  the  western  side  of  the  Andes,  are 
classed  by  Schmidtmeyer  among  the  most  productive 
in  the  west  of  America.  These  mines  (which  contain 
gold  and  platinum)  are  located  on  affluents  of  the  river 
Atrato. 

The  Spaniards  in  former  days  carried  on  extensive 
mining  operations  near  Malineca,  on  the  river  Tuyra.  The 
Mina  Real,  in  the  Cerro  del  Espiritu  Santo,  at  Santa  Cruz 
de  Cana,  is  said  to  have  produced  a  large  amount  of  gokl. 
Late  reports  of  this  mine  and  mining  district  are  very  un- 
favorable, and  cast  grave  doubts  upon  the  correctness  of 
the  statements  of  its  former  production. 

Auriferous  alluvions  occur  in  the  vicinitv  of  Piede 
Cuesta,  at  the  head  of  the  river  Lebrija,  in  the  province  ;)r 
Pampluna.  All  the  rivers  in  Darien  which  flow  directlv 
into  the  Pacific  are  said  to  contain  gold.  Late  reports 
(1881)  state  that  the  sands  of  the  river  DibuUa  and  the  Rio 
de  Sevilla  are  highly  auriferous.  The  rivers  of  Santiago, 
Concepcion,  Berrera,  Zapaterito,  San  .Vntonio,  and  Sail 
Bartolomo,  which  were  noted  formerly  for  their  gold- 
washings,  continue  to  the  present  time  .to  yield  remune- 
rative returns  to  the  miner.  Rich  alluvions  have  been 
lately  discovered  below  the  Falls  of  San  Jago,  where  e.\- 
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tensive  deposits  are  reported.  Dr.  Soetbeer  states  that 
the  i^old  production  of  New  Granada  from  1  537  to  1875 
was  i:i69,432.750. 

Mexico.  -Cortezs  exploring  parties  in  Mexico'  ot>- 
tained  gold  from  the  beds  of  rivers  several  hundred  miles 
from  the  capital.  Prescott  says  that  gold,  either  cast 
into  bars  or  in  the  form  of  dust,  was  part  of  the  regular 
tribute  of  the  southern  provinces  of  the  empire.f  1  he 
*rold  product  of  Mexico  at  present  is  principally  from 
riuartz-mines.  onlv  a  small  amount  being  obtained  by  the 
••  cramhusinos."  or  native  prospectors,  u  lio  wash  with  the 
IxUea  in  the  placers  scattered  here  and  there  through  the 
country.  There  are  rumors  of  large  bonanzas  in  the  beds 
of  streams  in  certain  localities,  and  several  attempts  have 
been  made  to  reach  this  wealth  by  turning  the  rivers,  but 
hitherto  without  success. 

The  gold  in  the  placers  is  sometimes  distributed  in  the 
sands,  in  small  cpiantities  so  far  as  known.  In  many  dis- 
tricts the  gambusinos  obtain  it,  principally  from  crevices 
in  the  bed-rock,  to  reach  which  small  shafts  are  sunk, 
often  to  a  considerable  depth. 

Australasia.— The  most  important  gold-fields  of  Aus- 
tralasia i  are  situated  in  the  colonies  of  Victoria  and 
New  South  Wales  ;  Queensland  and  South  Australia  like- 
wise c(intain  gold  alluvions. 

Victoria.— The  gold  product  of  Victoria,  according 
to  the  mineral  statistics  for  1880,  aggregated  529,129 
ounces,  of  which  amount  299,926  ounces  came  from  the 
alluvial  deposits.  Although  the  old  placers  have  been 
worked  extensivelv,  and  exhausted  in  many  cases,  the 
yield  has  been  increased  latteriy  by  the  opening  up  of  new 
gold-producing  areas  and  by  improved  methods  of  work. 
The  total  quantity  of  gold  produced  in  Victoria  trom  its 
discovery  in  1851  to  the  end  of  1880  is  placed  officially  at 

•  Set  Helps.  •'  Spanish  Conquest  of  America  "  ;  also  l-as  Cisas,  "  History  of  the  Indies." 
•t  Prescott's  "Conquest  of  Mexico,"  vol.  i.  p.  130. 

tSee  "Gold,"  by  A.  0.  Lock,  from  which  work  the  above  notes  on  Australasia  are 
condensed. 
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^198,196,206,  the  mining  operations  extending  over  an 
area  of  twelve  hundred  and  thirty  five  square  miles. 

Ararat  distriet  contains  large  deposits  of  tlie  upper 
and  newer  pliocene,  considered  to  be  of  marine  origin, 
but  no  gold  in  workable  quantities  has  been  hjund  in  any 
ol  these  beds.  The  workable  placers  occur  in  the  hjwer 
newer  pliocene,  whose  origin  is  clearly  a  result  of  fluvia- 
tile  agency.  A  fact  worthy  of  mention  is  that  in  the 
neighborhood  of  Ararat,  so  far  as  yet  explored,  not  a 
single  well-defined  (juartz  vein  has  been  found  to  contain 
pav  gold. 

In  the  northern  portion  of  the  Ararat  fields  the  de- 
posits attain  a  depth  of  from  ninety  to  one  hundred  and 
fifty  feet.  In  the  Great  Western  mine  the  deposit,  com- 
posed of  older  pliocene  gravel-drift  resting  upon  disinte- 
grated granite,  has  been  mined  for  a  length  of  two  miles 
and  a  width  which  in  places  e.vceecLs  twelve  hundred  feet. 
From  accunudatit)ns  ol  saline  waters,  and  from  imdula- 
tions  both  horizon;all\  and  laterally  of  the  bedrock,  it 
is  considered  tliat  "the  lead"  is  simply  a  depression  in  a 
former  sea-bottom. 

In  the  Ballarat  fields  there  are  four  clearly  defined 
epochs  of  gold-drift,  whose  relative  local  positions  are  in- 
dicated bv  their  names:  "Oldest,"  "Older,"  "Recent," 
and  "  Most  Recent."  The  "  Oldest  "  period  includes  a 
dejjosit  antecedent  to  the  time  at  which  the  channels  were 
eroded  to  their  present  depth.  The  "  Older  "  embraces 
the  deposit  intervening  between  the  lava-flows.  Deposits 
of  "Recent"  age  are  those  following  immediately  the 
uppermost  lava  flew.  "  Most  Recent  "  drifts  are  those  in 
most  recently  eroded  gullies.  There  are  three  great  lead 
systems  near  Ballarat,  called  the  "Southern,"  "  Western," 
and  "  Ea.stern."  The  "  .Southern  "  has  been  explored  ex- 
tensively ;  the  "  Western  "  is  looked  upon  b}'  some  as  the 
iuture  hope  of  Ballarat  in  alhnial  mining;  the  "Eastern" 
is  but  little  known. 

The  alluvial  deposits  in  Beechworth  district  haye  been 
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derived  from  the  Silurian  strata,  not  from  the  ^raiiilc. 
The  mining  operations  practised  are  simply  those  of 
ground-sluicing  on  a  large  scale.  Considerable  work  has 
been  done  on  the  placers  in  Dargo  district.  The  thick- 
ness of  the  gravel  is  from  thirty  to  fortv  feet.  On 
Mitchell  River  the  gold-workings  are  confined  to  the 
creeks  and  the  older  alluvions  on  the  banks.  The  W'a- 
ranga  fields,  Sandhurst  district,  are  among  the  oldest  Vic- 
torian gold-fields,  and  have  been  worked  since  1853.  The 
most  important  of  the  workings  are  in  the  vicinitv  ol 
Rushworth  on  a  cement  deposit,  probably  of  the  older 
pliocene.  The  gravel  is  shallow,  the  deepest  shafts  being 
only  from  thirty-five  to  fifty-five  feet.  This  lead  has  yielded 
more  than  any  other  in  the  district.  Xuggety  Giillv, 
Cemetery  Lead,  and  Coy  Diggings  are  also  placers  ot  note. 

New  South  Wales. — The  auriferous  districts  of 
New  South  Wales  are  considered  the  richest  and  most 
extensive  ,  in  Australia.  The  gold-fields  extend,  witii 
short  intervals,  the  entire  length  of  the  colony,  with  a 
breadth  of  two  hundred  miles,  immense  tracts  in  the  in- 
terior still  remain  inipros])ected,  and  in  time  may  prove 
to  contain  valuable  gold-bearing  deposits.  Up  to  i.S/i 
alluvial  washings  alone  were  carried  on,  gold  quartz  min- 
ing being  neglected.  At  this  period  sixteen  thousand 
miners  were  at  work.  The  product  from  1851  to  1871 
inclusive  is  stated  by  Reid  to  have  been  ;^26,^57, 160. 
The  gold  regions  are  all  easv  of  access  and  are  within 
two  davs'  journev  of  the  capital. 

In  Bathurst,  Tambaroora.  Turon,  Lachlan,  Mudgee, 
Southern,  Peel,  and  Uralla  districts  water  is  scarce,  and 
the  discoveries  of  gold  at  Temora,  Montreal,  and  Mount 
Browne  have  attracted  a  large  number  of  miners  from 
these  places.  Water  is  scarce  at  Temora  also,  but  for- 
tunately a  large  amount  of  very  coarse  gold  has  been 
found.  The  Montreal  placers  are  near  the  sea-coast.  Tiie 
depo.sits  are  said  to  occur  in  two  terraces,  and  give  evi- 
dence of  having  been  washed  back  i)v  the  sea. 
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In  1880,  of  the  13,430  gold-miners  in  the  colony  of  New 
South  Wales  11,403  were  engaged  in  alluvial  mining. 

The  Barrington  held,  on  Back  Creek,  is  about  ten 
miles  from  the  town  of  Gloucester.  The  principal  gold 
deposits  occur  amid  steep  ranges,  covered  with  thick 
forests  and  dense  undergrowth.  The  creek  has  been 
worked  for  gold,  but  the  results,  though  profitable,  have 
not  been  remarkable.  The  water  supply  is  very  uncer- 
tain, and  in  summer  the  creek  ceases  to  flow. 

The  Kiandra  gold  field,  on  the  table-land  of  Maneero, 
is  situated  about  five  thousand  feet  above  sea-level,  close 
to  the  highest  mountains  in  the  colony,  around  which  are 
extensive  deposits  of  auriferous  gravel.  Near  Mount 
Table-Top  the  alluvions  have  been  covered  with  basalt, 
and  up  to  the  present  time  this  main  deposit  has  been 
worked  only  to  a  limited  extent. 

The  chief  localities  in  which  gold-mining  has  been 
carried  on  are  those  of  Nine-Mile  Diggings,  New  Chum 
Hill  Diggings,  Scotchman's  Tunnel  Claim,  Bullock-Head 
Creek,  and  the  Eucumbene  River ;  also  Township  Hill 
Diggings,  Eight-Mile  Diggings,  and  Fifteen-Mile  Dig- 
gings. Recent  surveys  show  that  water  can  be  brought 
on  certain  of  the  Kiandra  diggings,  and  here  hydraulic 
mining  is  po.ssible  on  a  very  limited  scale.  The  rich 
placers  developed  by  the  sluicing  operations  toward 
Mount  Table-Top  have  been  compared  by  some  writers 
to  the  gravel  deposits  near  Placerville,  California.  Lach- 
lan  district  was  partially  developed  in  the  rush  of  the  first 
mining  excitement,  and  it  is  believed  that  only  an  insig- 
nificant proportion  of  the  ancient  river  deposits  was 
worked  by  the  early  miners. 

Mount  Werong  is  the  site  of  one  of  the  recent  discov- 
eries. The  auriferous  alluvion  is  said  to  be  widely  scat- 
tered. The  gold  has  a  water-worn  appearance,  and  it  is 
supposed  that  an  old  channel  or  lead  formerly  existed 
here.    But  as  yet  the  country  is  only  partially  explored. 

The  Tallawang  field  contains  one  of  the  most  ancient 
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auriferous  alluvial  deposits  in  the  world  ;  the  gold  occurs 
in  the  tertiary  alluvial  deposits,  and  in  conglomerates  in 
the  coal  measures  the  precious  metal  has  also  been  tound 
in  paying  quantities.  At  Clough's  Gully  the  conghjme- 
ratc  is  being  \v(>rl<ed  and  yields  from  i  to  15  pcnnv- 
weights  per  ton,  and  nuggets  of  5  ounces  are  occasionally 
found. 

Queeiislaiitl. — The  colon-y  of  Queensland  lies  to  the 
north  of  New  South  Wales.  Here  thirty-one  hundred 
square  miles  of  auriferous  alluvial  and  quartz  ground 
were  worked  upon  in  1S76.  The  gold-rtelds  occur  on 
both  sides  of  the  main  dividing  range  which  separates  the 
eastern  and' western  waters,  and  on  the  spurs  of  the  range 
which  forms  the  water-shed  to  the  Gulf  of  Carpentaria. 

Charter's  Towers  fields  are  situated  about  the  centre 
of  the  eastern  portion  of  the  colonv.  There  are  several 
small  alluvial  dc[>osits,  but  the  principal  industr\-  is  that 
of  gold-quartz  mining. 

In  the  Gympie  district  extensive  quartz-mining  is 
carried  on,  and  some  alluvial  gold  has  been  found  in 
the  Marengo  gullies. 

Gold  quartz  is  mined  in  the  Normanby  region,  but 
alluvial  gold  is  sparsely  distributed,  the  deposits  not  pay- 
ing the  cost  of  labor. 

South  Australia. — In  South  Australia  gold  is  found 
in  nearly  everv  part  of  the  colony,  but  the  deposits  are 
of  very  limited  size.  The .  bed  of  the  river  Torrens  has 
yielded  small  quantities.  The  deposits  of  Barossa  are 
said  to  resemble  geologically  and  topographically  Ben- 
digo  and  other  Victorian  fields  where  the  basaltic  lava  is 
absent.  The  principal  deposit  is  probably  of  older  plio 
cene  age.  The  main  lead  in  Spike's  Gully  shows  a  drift 
varving  from  twenty  to  a  hundred  feet  in  depth.  In  this 
drift,  which  consists  of  quartz  pebbles,  boulders,  and 
ferruginous  conglomerate,  the  gold  is  water worn.  The 
topography  of  the  country  is  favorable  for  the  construc- 
tion of  reservoirs  at  small  expense,  and  sluicing  could  be 
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introduced  without  difficulty.  The  Echunga  fields  were 
discovered  in  1852,  but  gave  employment  to  a  small  num- 
ber of  gravel-miners  only.  Cement-crushing  has  been 
carried  on  in  this  district,  but  with  little  success.  The 
Ulooloo  gold-field  ctjntains  some  auriferous  deposits  com- 
posed of  clay,  sand,  and  shingle,  forming  banks  of  from 
six  to  twenty  feet  along  the  Ulooloo  Creek.  Water, 
however,  is  here  very  scarce. 

In  the  northern  territory,  which  extends  from  the  Sta- 
pleton  to  the  Driffield  rivers,  the  auriferous  deposits 
have  been  explored  for  a  distance  of  about  one  hundred 
miles  in  length  by  twentv  miles  in  width.  There  are  no 
drift  deposits.  The  alluvial  gold  occurs  in  small  gullies 
and  ravines,  and  occasional  rich  pockets  are  found. 

New  Zealand. — Gold  was  discovered  in  New  Zea- 
land in  1842.  The  alluvial  deposits  occur  chief!}'  in  the 
South  Island,  in  the  districts  of  Otago,  Westland,  and 
Nelson,  whei  e  mining  operations  are  carried  on  over  an 
area  of  almost  twenty  thousand  square  miles.  The  de- 
tritus is  found  in  the  beds  of  the  rivers,  in  large  deposits 
of  gravel  from  three  hundred  to  five  hundred  feet  deep, 
and  in  the  sands  along  the  sea-shore.  The  gold-drifts  in 
Otago  rest  on  the  denuded  surface  of  the  parent  rock, 
while  in  the  Westland  district  thev  lie  on  tertiary  rocks 
of  marine  origin.  Full}'  two-thirds  of  the  gold  returned 
from  this  countrv  is  obtained  from  alluvial  mining.  The 
extent  to  which  work  is  carried  on  mav  be  judged  from 
the  fact  that  the  miners  have  constructed  over  five 
thousand  miles  of  water-races,  with  attendant  tail-races 
and  dams,  at  a  cost  approximating  ^300,000  ;  this  is  in- 
dependent of  the  government  water-races  and  dams,  which 
have  cost  ^^450,000. 

Grovmd-sluicing  is  practised,  and  in  some  instances 
hvdraulic  mining  has  been  introduced  with  heads  of  water 
from  eighty  to  one  hundred  feet.  The  government  has  a 
tunnel  eleven  feet  by  seven  feet,  five  thousand  seven  hun- 
dred and  iforty-four  feet  long,  in  course  of  construction. 
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having  already  built  the  open  Sludge-channel,  eight  miles 
long,  at  Naseby.  Besides  these  several  tunnels  have  been 
built  by  private  individuals. 

At  Gabriel  Gully,  Tuapeka,  where  the  grade  is  very 
light,  the  hydraulic  elevatcjr  is  said  to  be  working  succcs- 
fullv  ;  and  in  the  river  Clutha  dredging  machines  are  at 
work  on  the  auriferous  deposits.  Nortii  of  Charleston, 
on  the  coast-line,  the  beach  sands  which  contain  gold  are 
worked  by  a  colony  (jf  Shetlandcrs. 

Extensive  sluicing  operations  are  carried  on  along  the 
banks  (^1  the  Molvneux,  Kawarau,  and  Shotover  rivers. 
At  Tinkers  and  Drybread  Diggings  forty  sluice-heads  of 
water,  with  one  hundred  and  thirty  feet  head,  conducted 
through  forty-five  hundred  feet  of  iron  piping,  are  used 
to  hydraulic  the  gravel.  The  depth  of  the  deposits  on 
the  so-called  Maori  bottom  approximates  thirty  feet. 
The  resources  of  the  province  in  auriferous  drift  are 
very  great.  Ulrich  considers  part  of  the  old  Clutha  Lake 
basin  where  Bendigo  Creek  enters,  and  along  the  foot  of 
the  range  upon  which  Bendigo  reef  occurs,  as  especially 
worthy  of  the  attention  of  the  drift-miner.  \jillcr's  Flat, 
between  Arrow  and  Qucensttnvn,  a  supposed  old  river- 
channel,  is  also  considered  rich. 

The  Thames  field,  on  the  east  side  of  the  Ilauraki 
Gulf,  is  a  narrow  strip  of  land  twenty-five  miles  long  and 
from  two  to  four  miles  wide.  The  gold  in  this  district  is 
obtained  chiefly  from  quartz  reefs.  In  Tapu  district  gold 
is  found  in  considerable  quantities  in  the  decomposed  soil 
on  the  slopes  of  the  hills.  It  is  usually  flaky  and  not  at  all 
water-worn. 

In  Westland  district  the  mines  arc  classed  as  cement 
and  alluvial  workings.  The  cement  is  from  one  to  six 
feet  in  thickness,  and  consists  ol  quartz  gravels  which  are 
found  in  connection  with  the  coal  series.  The  gold  oc- 
curs in  the  lower  portion  of  these  beds.  Alluvial  work- 
ings are  met  with  in  all  gullies  cut  in  the  auriferous 
series,  but  the  gold  is  generally  coarse.    In  the  con- 
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glomerate  formation  the  gold  is  caught  in  the  brown 
sandstone  bottom  over  which  the  conglomerate  lies. 

In  the  glacial  drifts  extensive  claims  have  been  worked 
and  large  quantities  of  gold  have  been  obtained.  These 
deposits  are  interesting,  inasmuch  as  they  derive  their 
gold,  in  all  probability,  from  the  slates  of  which  the  glacial 
drifts  are  composed. 

The  black-sand  beaches  are  composed  of  cr3stals  of 
magnetic  iron  ore,  which  are  found  disseminated  through 
the  chloritic  schist.  The  gold  which  is  associated  with 
the  sand  is  supposed  to  have  been  derived  from  the 
Maitai  slates,  brought  down  in  immense  quantities  by 
glaciers.  This  district  includes  the  gold-fields  of  VVaka- 
marina.  Queen  Charlotte  Sound,  and  Wairau  valle}'. 

Extensive  sluicing  is  going  on  at  present  in  Waka- 
marina  district.  The  ground  is  spotted  and  the  gold  is 
distributed  unevenly.  The  Queen  Charlotte  Sound  field 
is  a  quartz-mining  district.  The  Wairau  valley  is  an  al- 
luvial deposit,  and  is  a  comparatively  new  district.  Gold 
occurs  in  almost  all  the  gullies  on  the  north  bank  ot  the 
Wairau  River.  The  gullies  are  all  very  narrow.  Some 
of  the  claims  have  proved  very  rich. 

Canada. — In  Canada  gold  is  derived  from  the  de- 
gradation of  the  upper  Silurian  and  Devonian  rocks. 
The  Geological  Commission,  as  early  as  1852,  determined 
the  existence  of  auriferous  alluvions  extending  over  an 
area  of  more  than  ten  thousand  square  miles.  The  prin- 
cipal deposits  explored  have  been  in  the  province  of 
Quebec  and  in  Nova  Scotia.  As  notable  may  be  men- 
tioned the  workings  along  the  Chaudiere  River  and  its 
tributaries,  the  Du  Loup  and  the  Gilbert.  Extensive 
deposits  occur  also  to  the  southeast  of  the  Notre  Dame 
Mountains. 

Small  local  deposits  of  high  value  have  been  worked, 
giving  rise  to  great  expectations,  but  as  a  whole  the  re- 
sults have  been  unsatisfactory. 

British  Columbia. — In  British  Columbia  gold  was 
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discovered  in  1858011  the  Frazer  River,  above  New  West- 
minster, causing  a  great  excitement  and  a  "  rush  "  of  pros- 
pectors. San  Francisco  was  nearly  depopulated  by  the 
exodus,  and  it  is  estimated  that  one-sixth  of  the  voters  of 
California  moved  to  the  new  placers.  Gold  was  traced 
three  hundred  miles  up  the  river  to  Cariboo.  On  the 
Peace  River,  two  hundred  and  fifty  miles  still  further 
north,  gold  was  found.  In  1872  discoveries  in  Cassiar 
district,  eight  hundred  miles  north  of  Victoria,  caused 
the  "  Stickeen  River  rush."  The  Frazer  River  deposits 
were  remunerative  only  to  a  limited  extent  and  were 
soon  worked  out.  In  all  the  localities  in  this  country 
the  workings  have  been  principally  conhned  to  shallow 
placers  and  river-bars,  which  are  soon  exhausted ;  but 
at  Cariboo  there  are  channels  beneath  the  beds  of  the 
present  water-courses.  Shafts  are  sunk  from  the  sur- 
face to  the  auriferous  channels  through  a  covering  of 
clav  and  gravel.  The  bed  of  the  ancient  stream,  when 
reached,  is  followed  bv  drifts.  While  handsome  returns 
have  been  occasionally  made  (in  1861  nearly  a  million  of 
dollars  were  extracted),  the  expenses  of  working,  there 
being  much  water  to  contend  with,  are  so  large  that  the 
operations  have  almost  entirel}'  ceased.  In  the  more 
northerly  districts  the  climate  presents  great  obstacles 
and  work  can  be  carried  on  only  during  a  few  months  of 
the  vear. 

In  Vancouver  Island,  in  the  Leech  River  district,  gold 
has  been  found  in  a  small  area  some  twenty  miles  from 
Victoria. 

Lock  *  estimates  that  from  1858  to  1880  (twenty-two 
and  a  half  years)  gold  of  the  value  of  $45,140,889  has  been 
extracted  from  (principally)  the  alluvions  of  British  Co- 
lumbia. 

United  States  of  America. — Outside  of  California 
(which  will  be  treated  in  the  following  chapter),  up  to  the 
present  time,  the  alluvial  deposits  worked  have  been  prin- 

*  "  Gold,"  p.  38. 
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cipally  shallow,  and  continued  profitable  development  on 
a  large  scale  is  unknown. 

New  England.— Gold  has  been  found  in  Vermont 
and  New  Hampshire,  and  alluvial  deposits  of  limited  ex- 
tent have  been  exploited  along  the  Green  Mountains.  But 
the  production  has  been  comparatively  insignificant. 

Virginia. — Alluvial  gold  has  been  reported  as  found 
in  Virginia  in  Montgomery  and  Floyd  counties,  along 
Brush  Creek.  In  Goochland  County  the  hydraulic  pro- 
cess was  tried  in  1877. 

North  Carolina,  South  Carolina,  Georgia. — 
The  Appalachian  gold  fields  extend  through  the  States  of 
North  Carolina,  South  Carolina,  and  Georgia.  Gold  was 
first  discovered  in  1799,  and  in  1829  the  discovery  of  pla- 
cers caused  a  great  excitement.  Two  principal  belts  are 
known  in  North  Carolina,  one  extending  through  Guilford, 
Davidson,  Rowan,  Cabarrus,  and  Mecklenburg  counties; 
another  through  McDowell,  Burke,  and  Rutherford  coun- 
ties ;  the  latter  has  been  traced  mto  northern  Georgia, 
where  it  forms  the  gold  region  in  the  vicinity  of  Dahlo- 
nega.  The  latter  is  the  more  western  and  more  elevated, 
and  contains  richer  placers. 

The  formation  of  these  gold  deposits  has  been  attri- 
buted rather  to  the  action  of  atmospheric  influence  than 
to  deposition  b}-  large  streams.  The  best  placers  were 
exhausted  at  the  time  of  the  discovery  of  gold  in  Cali- 
fornia, and  more  recent  attempts  to  work  them  on  a  large 
scale  and  by  the  hydraulic  process  have  not  met  with 
success. 

Idaho. — Gold  was  first  discovered  in  paying  quan- 
tities near  Pearce  City,  Idaho,  in  i860.  The  Territory 
of  Idaho,  then  a  part  of  Wasiiington  Territory,  was 
organized  in  1862.  The  principal  placers  were  those,  in 
the  Boise  basin,  which  first  attracted  the  attention  of 
miners  in  1862,  and  on  the  Snake  and  Salmon  Rivers.  In 
1865  the  production  of  gold  in  the  Territor}-  amounted 
to  $8,023,680,  but  the  yield  gradually  decreased  from  that 
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year,  and  the  placers  produced  in  1880  only  §879,644. 
The  Boise  basin  has  been  nearly  exhausted,  and  the  lower 
Snake  River  bars,  which  are  quite  limited  in  extent,  are 
practically  deserted.  Above  Fort  Hall  work  is  still  go- 
ing on.  Salmon  River  was  abandoned  to  Chinese  labor 
in  1870. 

Montana. — Gold  was  found  on  Gold  Creek,  in  Deer 
Lodge  County,  Montana,  in  1852,  but  the  developments 
did  not  attract  much  attention  until  1862,  when  a  rush 
of  immigration  took  place.  The  yield  of  the  district  up 
to  1870  is  estimated  at  $24,000,000.  Extensive  works  are 
still  being  carried  on  in  this  county,  in  Lewis  and  Clarke 
County  the  gulches  and  foothills  are  known  to  be  aurife- 
rous to  a  great  extent;  they  have  yielded  and  are  still 
yielding  large  amounts  of  the  precious  metal.  Alder 
Gulch,  in  Madison  County,  was  discovered  in  June,  1863, 
and  in  three  years  is  said  to  have  produced  §30,000,000 
(Raymond's  "Report."  1870).  Work  is  i)rosecuted  still 
in  this  county  and  also  in  Meagher  County. 

Montana  has  contained  some  of  the  richest  dejjosits 
known.  Most  of  these  have  been  worked  as  shallow  pla- 
cers, and  in  manv  of  the  locations  much  trouble  has  been 
experienced  in  obtaining  water. 

New  Mexico.— Gold-placers  are  known  to  exist  in 
New  Mexico  along  the  Rio  Grande,  from  the  Colorado 
line  to  the  placers  some  fort}-  miles  south  of  Santa  Fe, 
and  also  in  the  southwestern  part  of  the  Territory  in  the 
counties  of  Dona  Ana  and  Grant.  The  latter  have  not 
been  opened  up  to  an}*  great  extent,  although  reports  of 
exceedingly  rich  placers  have  long  been  current.  The  de- 
posits along  the  Rio  Grande  have  been  described  by  Ray- 
mond ("Mineral  Resources,  1874")  and  Prof.  Silliman 
("  The  Rio  Grande  Gold-Gravels  "),  who  are  authorities 
for  the  following  .statements. 

The  auriferous  gravels  extend  southerly  from  the  Colo- 
rado line  along  the  Rio  Grande  valley  some  one  hundred 
4nd  fifty  miles,  over  a  width  of  about  forty  miles,  between 
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the  Saii^re  de  Cristo  Mountains  on  the  east  and  the  Con- 
tinental Divide  on  the  west.  The  southern  portion,  say 
seventy-five  miles  ni  lineal  (northerly  and  southerly)  ex- 
tent, has  been  extensively  denuded.  The  more  northerl)- 
area  has  been  eroded  more  or  less,  and  contains  accumu- 
lations of  gravel,  varying  from  fifty  to  six  hundred  feet 
in  depth.  Overflows  of  volcanic  rocks  cover  and  protect 
or  interstratify  tiie  gravels  in  very  many  instances.  The 
gravel  consists  chiefly  of  quartz  and  quartzite,  and,  to  a 
much  less  extent,  of  syenite,  porphyry,  granite,  gneiss,  and 
slate  d6bris,  and  evidently  has  been  carried  to  its  present 
location  from  only  a  short  distance,  probably  from  the 
Archaean  rocks  ot  the  Sangre  de  Cristo  and  other  souther- 
ly ranges  of  the  Rocky  Mountains.  The  gold  is  said  to  be 
diffused  through  the  alluvions  with  great  uniformity. 

South  of  Santa  Fe  large  Mexican  grants  contain  ex- 
tensive deposits  of  gravel,  where  gold  was  discovered  in 
T842,  and  whence  in  succeeding  years  large  amounts  of 
the  precious  metal  are  said  to  have  been  extracted.  Ame- 
rican companies  have  been  recently  formed  to  work  all 
these  deposits  along  the  Rio  Grande,  but  thus  far  the  ob- 
stacles to  success  seem  to  have  been  very  great. 

Other  States  and  Territories. — In  various  other 
States  and  Territories,  as  Colorado  and  Dakota,  placer- 
mining  has  been  carried  on  by  small  companies  on  a  limit- 
ed scale. 


CHAPTER  II. 


HISTORY  AND  DEVELOPMENT  OF  PLACER-MINING  IN 
CALIFORNIA. 

From  the  auriferous  deposits  of  the  State  of  California 
$1,100,000,000  have  been  extracted  during  the  last  thirty- 
five  years.* 

The  magnitude  of  the  mining  operations  required  to 
produce  this  enormous  yield  is  but  little  known  to  the 
general  public.  The  continuous  flow  of  gold  bullion  has, 
however,  made  the  State  famous  and  attracted  the  atten- 
tion of  political  economists  everywhere. 

First  3Ientioii  of  California. — The  first  mention 
of  the  name  "  California "  occurs  in  connection  with  a 
supposed  great  island  where  gold  and  precious  stones 
were  found  in  abundance,  described  in  a  romance  called 
"  Las  Sergus  de  Esplandian,"  published  in  Spain  a.v.  1510. 
The  followers  of  Cortez  had  chimerical  ideas  of  some 
hidden  El  Dorado,  and,  strange  to  say,  they  applied  the 
name  California  to  that  unknown  country  north  of  Mexico 
with  which  they  associated  the  notion  of  a  region  of  fabu- 
lous wealth. 

Discovery  of  Lower  California. — The  first  expe- 
dition sent  out  by  Cortez,  in  1534,  discovered  what  is  now 
called  Lower  California.  According  to  Father  Vcnegas, 
this  expedition,  numbering  some  seven  hundred  souls,  was 
fitted  out  at  the  port  of  Tehuantepec  in  the  year  1537,  and 
sailed  north  to  the  head  of  the  gulf  of  California,  but 
'never  reached  the  line  which  marks  the  southern  boun- 
dary of  the  State  of  California. 

Contemporaneously  with  the  departure  of  this  party 
"  four  persons,  named  Alvarez  Nunez,  Cabeza  de  Vaca, 

•  Up  to  1S81.    See  Appendix  A. 
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Castillo,  and  Dormentes,  with  a  negro  named  Estevancio," 
arrived  at  Culiacan,  on  the  gulf  of  California,  from  the 
peninsula  of  Florida.  These  were  the  sole  survivors  of 
the  three  hundred  Spaniards  who  in  1527  landed  with 
Pamrilo  Narvaez  on  the  coast  of  Florida  with  the  inten- 
tion of  conquering  that  country.  Nunez  subsequently 
conducted  the  expedition  which  discovered  the  Rio  de  la 
Plata  and  effected  the  first  conquest  of  Paraguay. 

Early  Explorations  —  In  1542  Mendoza,  V^iceroy  of 
Mexico,  sent  Rodriguez  Cabrillo,  a  Portuguese,  to  sur- 
vey the  west  coast  of  Califcjrnia.  He  explored  the  coast, 
naming  the  numerous  headlands,  the  UKjst  northerly  of 
which,  in  lat.  40°  N.,  he  called  Cape  Mendocino.  Thence 
he  proceeded  further  north  to  lat.  44.'^,  which  he  reached 
March  10,  1543. 

In  1578  Sir  Francis  Drake  entered  the  Pacific  and 
sailed  north  as  high  as  lat.  48°.  According  to  Hakluyt's 
account  of  the  voyage,  Drake  spent  five  weeks  in  June 
and  July,  1579,  in  a  bay  near  lat.  38°  N. 

First  Mention  of  Gold.— The  narrative  says : 
"  Our  General  called  this  country  New  Albion.  .  .  . 
There  is  no  parr,  of  the  earth  here  to  be  taken  up  where- 
in there  is  not  a  reasonable  quantitie  of  gold  and  silver." 
It  is  difficult  to  reconcile  this  statement  with  the  facts  as 
known  at  present,  since  in  lat.  38°  N.  neither  gold  nor 
silver  exists  in  "  reasonable  quantitie  "  near  the  ocean. 
This  is,  however,  remarkable  as  the  first  mention  of  gold 
in  California  proper. 

In  1602  the  Count  de  Monte  Rey,  Viceroy  of  New 
Spain,  by  order  of  the  king,  sent  Sebastian  Viscayno 
on  an  exploring  expedition.  He  sailed  from  Acapulco, 
May  5,  1602,  with  two  vessels  and  a  tender,  with  Admi- 
ral Gomez  in  command.  The  expedition,  composed  of  a 
large  number  of  men,  was  fully  equipped  for  one  year's 
voyage.  Three  barefooted  Carmelites  accompanied  the 
partv.  and  the  several  departments  were  entrusted  to  dis- 
tinguished officers,  volunteers  from  Brittany. 
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Alter  a  struggle  with  northwest  winds,  on  November 
ID,  1602,  the  fleet  entered  the  harbor  of  San  Diego* 
and,  having  spent  a  few  days  there,  the  expedition  agaui 
sailed  north.  December  16,  1602,  anchor  was  cast  in 
Monterev  Bay,  which  was  named  in  honor  of  the  viceroy. 
Januarv  3,  1603,  the  fleet  weighed  anchor,  and  a  period  oi 
one  hundred  and  sixty-six  years  elapsed  before  this  bay 
was  revisited.  January  12  the  fleet  passed  the  bay  of 
San  Francisco  and  anchored  behind  a  point  of  land  called 
"  La  Punta  de  los  Reyes,"  but  did  not  enter  San  Fran- 
cisco harbor.  The  voyage  was  subsequently  continued 
as  far  as  lat.  43°  X.,  from  which  point  the  fleet  returned 
to  Acapulco. 

First  Mission  established  in  Lower  California. 

— In  1697  the  first  permanent  mission  was  established  by 
the  Jesuits  at  Loreto,  Lower  Caliiornia.  "  These  people,' 
says  the  historian,  "  with  patient  art  and  devoted  zeal, 
accomplished  that  which  had  defied  the  energy  of  Cortez 
and  baffled  the  efforts  of  the  Spanish  monarchy  for  gene- 
rations a/tprwards." 

First  Mission  in  Upper  California. — In  1769  the 
Jesuits  were  banished  from  Lower  California.  On  the 
9th  day  of  January,  1769,  an  expedition  set  sail  from  La 
Paz,  in  Lower  California,  to  rediscover  San  Diego  and 
Monterev.  The  vessels  stopped  at  Cape  St.  Lucas,  and 
left  that  point  February  1 5  of  the  same  year.  On  the 
1st  of  July,  1769,  a  land  expedition  which  had  started 
shortly  after  the  vessels  had  set  sail  from  Cape  St.  Lucas, 
under  the  immediate  charge  of  Padre  Junipero  Serra, 
reached  San  ^iego  and  established  the  first  Franciscan 
mission  in  Upper  California. 

Notwithstanding  the  facts  revealed  by  the  many  ex- 
peditions, the  geographers  of  that  dav  still  persisted 
m  describing  California  as  an  island  extending  from 
Cape  St.  Lucas,  at  the  tropic  of  Cancer,  to  lat.  45° 


•  An  interesting  account  of  this  voyage  is  given  by  E.  Randolph,  Esq.,  *'  Memoirs  of  the 
Society  of  California  Pioneers.*' 
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N.,*  and  it  was  not  until  Father  Begert's  map  was  pub- 
lished at  Ma  iheim,  in  1 77 1,  that  California  was  relieved 
of  its  insulai  character. 

Early  Discoveries  of  Placers.— At  different  times 
between  1775  and  1828  small  deposits  of  placer  gold  were 
found  by  Mexicans  near  the  Cohjrado  River.  In  1802  a 
mineral  vein  supposed  to  contain  silver  was  found  at 
Olizal,  in  the  district  of  Monterey.  In  1828  a  small  gold 
placer  was  discovered  a1  .San  Isidro,  in  w  hat  is  now  known 
as  .San  Diego  Countv- 

Forbes,  in  his  history  of  Calilornia,  in  1835,  says: 
"  No  minerals  of  particular  importance  have  yet  been 
found  in  Upper  California,  nor  any  appearance  of  metals." 

In  1838  the  placers  of  San  Francisquito,  forty-five  miles 
northwest  from  Los  Angeles,  were  discovered.  These 
deposits  were  neither  rich  nor  extensive,  but  were  worked 
steadily  for  twenty  years. 

In  1 841  Wilkes'  exploring  expedition  visited  the  coast, 
James  D.  Dana,  mineralogist,  accompanying  the  party. 
In  the  following  year,  in  his  work  on  mineralogy,  Dana 
mentions  that  gold  was  found  in  the  Sacramento  valley, 
and  that  rocks  "  similar  to  those  of  the  auriferous  forma- 
tions "  were  observed  in  southern  Oregon. 

May  4,  1846,  Thomas  O.  Larkin,  United  States  Consul 
at  Monterey,  said,  in  an  otificial  letter  to  James  Buchanan, 
Esq.,  then  Secretary  of  State  :  "  There  is  no  doubt  that 
gold,  silver,  quicksilver,  copper,  lead,  sulphur,  and  coal 
mines  are  to  be  found  all  over  California,  and  it  is  doubt- 
ful whether,  under  their  present  owners,  they  will  ever  be 
worked." 

On  the  7th  of  July,  1846,  the  American  flag  was  hoisted 
at  Monterey  and  the  country  taken  possession  of  by  the 
United  States. 

*See  Ogilvy's  "America:  being  the  latest  and  most  accurate  Account  of  the  New 
World,"  published  in  London  in  1671.  California  is  there  laid  down  as  an  island,  extending 
fiom  Cape  St.  Lucas  to  lat.  45°  N.  See  ;nap  by  Capt.  Shelvocke,  R.N.,  "Voyage  around 
the  World  by  way  of  the  South  Sea,"  pub  ished  in  London  in  1726.  See  map  published  in 
Venice  in  1546,  Independent  Order  of  Odd  Fellows'  Hall,  San  Francisco. 
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Marshall  discovers  Crold  at  Coloma. — January 
19,  1848.  James  W.  Marshall,  while  engaged  in  digging 
a  race  for  a  saw-miil  at  Coloma  (thirty-tive  miles  east 
from  Sutter's  Fortj.  found  some  pieces  of  yellow  metal 
which  he  and  the  half-dozen  men  working  with  him  at 
the  mill  supposed  to  be  gold.  "  He  felt  confident  that  he 
had  made  a  discovery  of  great  importance,  but  he  knew 
nothing  of  either  chemistry  or  g<;ld-mining,  and  he  could 
not  prove  the  nature  of  the  metal  or  tell  how  to  obtain  it 
in  paving  quantities.  ...  So  Marshall's  collection  of 
specimens  continued  to  accumulate,  and  his  associates 
began  to  think  there  might  be  something  in  his  gold-mine 
after  all."  * 

In  the  middle  of  February.  Bennett,  one  of  the  party 
emploved  at  the  mill,  went  to  San  Francisco  and  returned 
with  Isaac  Humphreys,  a  man  who  had  washed  gold  in 
Georgia,  and  who,  after  a  few  hours'  work,  declared  the 
mines  to  be  richer  than  those  of  his  own  State.  By 
means  of  a  rocker  he  obtained  dailv  about  one  ounce  of 
gold,  and  soon  all  the  hands  of  the  mill  were  rocking  for 
the  precious  metal. 

The  record  of  the  discovcrv  of  gold,  as  related  by 
Parsons  in  his  biographv  of  Marshall,  is  somewhat  dif- 
ferent from  that  published  bv  Browne,  and  gives  to  Mar- 
shall alone  the  credit  of  the  discoverv. 

Other  Gold  Discoveries. — Pierson  B.  Redding, 
the  owner  of  a  large  ranch  at  the  head  of  the  Sacramento 
vallev,  visited  the  mining  works  at  Coloma,  and  imme- 
diateh'  resolved  to  commence  washing  on  his  own  pro- 
pertv,  which  he  thought  was  in  a  similar  formation,  and 
in  a  few  weeks  he  had  begun  mining  on  a  bar  on  Clear 
Creek,  nearlv  two  hundred  miles  northwest  from  Coloma. 
This  example  was  followed  by  John  Bidwell,  who,  having 
seen  .Sutter's  works,  commenced  prospecting  on  the  bars 
of  the  Feather  River,  sevent\-fivc  miles  northwest  from 
Coloma. 


-  See  "  Reports  upon  the  ^fineral  ReMUrces  of  the  United  States,"  by  J.  Ross  lirowne,  itf^y. 
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In  March,  1848,  the  treaty  of  Guadalupe-Hidalgo  was 
made,  and  Mexico  ceded  California  to  the  United  States. 
By  the  end  of  the  same  year  mines  were  opened  at  far- 
distant  ptjints.  A'Jiners  were  at  work  in  ever\-  large 
stream  on  the  western  slope  of  the  Sierra  Nevada,  from 
Feather  River  to  the  Tuolumne,  a  distance  of  <jnc  hun- 
dred and  hlty  miles. 

First  Publication  of  Gold  Discoveries.— The 
first  printed  notice  of  the  discovery  of  gold  appeared  in 
\\\tt  Califoriiiaii  Vi  newspaper  published  in  San  Fran- 
cisco, on  March  15,  1848.  On  May  29  the  same  ])aper 
announced  that  its  publication  would  be  suspended,  the 
whole  population  having  betaken  itself  to  the  mines. 

In  1849  the  placers  of  Trinity  and  Mariposa  were 
opened.  At  this  period  hired  men  were  the  exception, 
every  man  working  for  himself,  and  rocker  claims  were 
very  abinidant.  In  1850  the  deposits  of  Klamath  and 
Scott's  Valle\'  were  discovered. 

First  Attempt  to  build  Ditches. — The  chief  want 
of  the  placer-miner  being  water,  tiie  first  noteworthv 
attempt  at  ditch-building  was  made  in  March,  1850,  at 
Coyote  Hill,  Nevada  County. 

In  the  spring  of  the  same  year  gold  was  reported  as 
lying  in  heaps  on  the  banks  of  Gold  Lake,  near  Downie- 
ville.  This  caused  a  tremendous  excitement  and  a  rush 
of  miners  to  that  locality.  In  a  few  weeks  thousands  re- 
turned from  the  lake  poorer  than  when  they  started. 

On  September  9,  1850,  California  was  admitted  into 
the  Union  as  a  State.  The  number  of  persons  then  en- 
gaged in  mining  was  estimated  at  fifty  thousand.  River- 
mining  at  this  period  occupied  a  prominent  place  in  the 
industries  of  the  State. 

First  Use  of  the  "  Long  Tom." — The  winter  of 
1849-50  was  very  stormy  and  comparatively  little  work 
was  done  in  the  rivers  or  creeks,  but  in  the  spring  of  1850 
mining  was  resumed  on  those  bars  which  were  subject  to 
overflow  onl}-  at  extreme  high  water.    The  pick,  shovel. 
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rocker,  and  wheelbarrow  were  tlie  only  implements  then 
in  use.  Towards  the  end  of  1850  the  "Long  Tom"  was 
introduced. 

Discovery  of  Gold-Quartz  Veins.— Extensive  pros- 
pecting at  this  period  for  the  sources  of  these  gravel  de- 
posits led  to  the  discovery  ol  gold-quartz  veins,  the  most 
noted  of  which  was  the  Allison  Ranch  mine  in  Nevada 
County.    In  185  i  came  the  rush  to  Gold  Bluff,  lat.  41°  N. 

The  work  on  dry  bars  gradually  led  to  mining  the 
river  bottoms,  which  was  first  undertaken  by  means  of 
wing  dams.  Later  the  more  venturous  mmers  turned 
entire  streams  from  their  courses  by  means  of  flumes  or 
ditches. 

First  Working  of  Deep  Deposits. — Simultane- 
ously the  miners  "  pushed  back"  from  the  shallow  placers 
to  deep  deposits  which  were  worked  by  means  of  the  torn, 
and  with  the  advent  of  sluices  in  185  i  the  low  hill  gravels 
were  attacked  and  successfully  mined.  Coincident  with 
the  introduction  of  the  sluice  and  washing  of  hill  gravels 
came  the  employment  of  hired  men  in  placer  diggings. 

Sluicing. — The  deep  deposits  of  auriferous  gravel 
were  relatively  poorer  than  the  shallow  placers,  and  open 
cuts,  preparatory  to  sluicing,  were  requisite;  a  large  sup- 
ply of  water  was  a  sine  qua  non,  ditches  became  a  neces- 
sity, labor  was  in  demand,  but  without  capital  nothing 
could  be  accomplished. 

The  sluice  revolutionized  gold-washing.  With  the  ex- 
haustion of  the  surface  diggings  the  river  towns  fell  into 
decay,  and  those  mountain  districts  where  the  deep  auri- 
ferous beds  were  found  soon  became  the  prosperous  coun- 
ties of  the  State. 

First  Use  of  the  Hydraulic  Method. — It  was 
evident  that  the  sluices  ran  dirt  faster  than  the  shovellers 
could  supply  it ;  labor  was  expensive — men  receiving 
from  $6  to  $8  per  diem — and  the  claims  were  poor  com- 
pared with  the  washings  of  1849-50.  In  1852  Edward 
E.  Mattison,  of  Connecticut,  with  a  view  to  economizing 
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labor,  used  a  stream  of  water  under  pressure.  For  this 
purpose  water  was  conveyed  to  the  claim  in  rawhide  hose 
and  discharged  through  a  wooden  nozzle  against  a  bank. 
Torn  by  the  water,  the  earth  was  carried  into  the  sluices 
and  shovelling  was  thus  avoided.  A  lai-ge  saving  in  the 
cost  of  mining  was  effected,  a  greater  amount  of  material 
being  washed  in  a  shorter  time.  This  was  the  first  step 
in  hydraulic  mining. 

Canvas  Hose.— Mattison's  experiments  were  imme- 
diately appreciated  and  his  method  adopted.  Hose  made 
of  canvas  was  widely  used,  the  canvas  being  strengthened 
by  netting  and  bound  with  rope. 

Iron  Pipe. — Towards  the  end  of  1853  pipes  made  of 
light  sheet  iron  were  introduced  as  a  substitute  for  canvas 
hose.  The  first  iron  pipe  was  used  by  R.  R.  Craig,  on 
American  Hill,  Nevada  County.  It  consisted  of  about 
one  hundred  feet  of  stove-pipe.  In  1856  a  firm  in  San 
Francisco  commenced  the  manufacture  of  wrought  iron 
pipes  for  hydraulic  mining,  and  during  the  years  1856  and 
1857  a  large  sheet-iron  pipe  fortv  inches  in  diameter  was 
laid  for  a  watci"-conduit  across  a  depression  at  Timbuctoo, 
in  Yuba  County. 

Inverted  Siphons.  —  In  1869  a  wire  suspension 
bridge  across  the  Trinity  River,  near  McGillivray's,  was 
constructed  by  Joseph  McGillivray.  This  bridge  sup- 
ported a  fifteen-inch  wrought-iron  pipe  which  conducted 
water  from  a  ditch  situated  at  an  elevation  of  about  two 
hundred  and  foi"ty  feet  above  the  bridge.  The  length  of 
the  pipe  was  nineteen  hundred  and  eighty  feet,  and  the 
outlet  was  one  hundred  and  thirty-three  feet  below  the 
level  of  the  inlet.  In  the  fall  of  1870  the  Spring  Valley 
Company,  of  Cherokee,  Butte  County,  laid  the  first  large- 
"  inverted  siphon  "  in  the  mining  regions.  The  siphon  was 
made  of  wrought  iron,  riveted.  It  was  thirty  inches  in 
diameter  and  fourteen  thousand  feet  long,  crossing  a  de- 
pression of  nearly  one  thousand  feet. 

Improved  Nozzles. — With  the  substitution  of  sheet- 
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iron  pipe  for  canvas  it  was  f(jund  necessary  to  retain  a 
short  piece  of  canvas  hose  in  order  to  obtain  a  flexible  dis- 
charge piece.  This  was  inconvenient  and  troublesome. 
The  ingenuitv  of  miners  was  aroused,  and  the  result  was 
the  introduction  of  a  nozzle  called  the  Goose  Neck,  which 
was  a  flexible  iron  joint  formed  by  two  elbows  working 
one  over  the  other. 

The  first  Kifie. — The  radius-plate,  or  rifle,  was  pat- 
ented by  C.  F.  Macy  in  1S63,  and  was  subsequently  intro- 
duced and  used  in  all  metallic  jointed  disciiarge  pipes 
which  had  elbows. 

The  next  improved  hydraulic  nozzle  was  invented  by 
the  Messrs.  R.  R.  &  J.  Craig,  of  Nevada  County.  It  was 
called  Craig's  Globe  Monitor.  This  nozzle  proved  a  suc- 
cess and  was  adopted  at  once  bv  the  miners.  Subsequent- 
ly the  Hydraulic  Knuckle-joint  and  Nozzle  was  invented 
by  H.  Fisher,  of  Nevada  County,  and  took  the  place  of 
the  Craig  machine.  In  1870  Mr.  Richard  Hoskins  ob- 
tained a  patent  for  his  Dictator,  a  one-jointed  machine, 
having  an  elastic  packing  in  the  joints  instead  of  the  metal- 
lic faces.  A  few  months  later  Hoskins  patented  the  noz- 
zle called  the  Little  Giant,  which  was  an  improvement 
on  the  Dictator,  and  has  to  a  great  extent  superseded  the 
older  inventions. 

Deflector. — The  next  advance  in  hydraulic  discharge 
machines  was  an  attachment  to  the  nozzle  called  the 
"deflector,"  the  invention  of  Mr.  H.  C.  Perkins,  and  pat- 
ented May,  1876.  This  is  a  short  piece  of  pipe,  about  an 
inch  larger  in  diameter  than  the  nozzle,  attached  to  the 
latter  by  a  gimbal  joint  and  operated  with  a  lever.  This 
improvement  has  been  followed  by  the  invention  of  the 
Hoskins  Deflector.  This  latter  is  a  flexible  semi-ball  joint 
between  the  end  of  the  discharge  pipe  and  the  nozzle.  It 
is  operated  by  a  lever. 

In  1852  and  1853  placer-mining  was  at  the  height  of 
its  prosperity.  Labor  was  well  paid,  and  employment 
was  easily  obtained  by  all  who  sought  it.    At  this  period 
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there  still  remained  a  few  of  the  rich  surface  deposits 
which  had  formerl}"  been  so  numerous. 

First  Drift-Mining. — The  first  extensive  drift-min. 
ing  in  the  old  river  channels  was  commenced  in  1852  at 
Forest  Hill,  Placer  County;  though  in  1851  a  surface 
claim  at  Brown's  Bar,  on  the  Middle  Fork  of  the  Ameri- 
can River,  was  drifted  out  by  Joseph  McGillivray. 

In  1854,  in  consequence  of  the  reported  discovery  of 
gold-diggings  in  Kern  County,  California,  numbers  of 
miners  flocked  to  the  southern  part  of  the  State,  only  to 
find  there  poor  deposits  of  a  very  limited  area. 

Table  Mountain. — Some  miners  engaged  in  sinking 
a  shaft  near  Jamestown,  Tuolumne  County,  where  the 
gravel  had  been  washed  away,  discovered  gold  at  Table 
Mountain.  Simultaneously  other  miners  traced  a  seam  of 
gravel  containing  gold  along  its  sides,  and  it  was  found 
that  this  seam  ran  into  a  deep,  rocky  channel  lymg  under 
the  mountain.  The  presence  of  water  in  great  quantity 
frustrated  all  attempts  to  work  this  deposit. 

Deep  Tunnels. — Further  explorations  developed  the 
existence  of  channels  running  under  this  ridge,  which  were 
found  to  have  a  westerly  course  and  to  pitch  deeper  as 
work  advanced.  After  several  ineffectual  attempts  to 
drain  the  deposit,  the  gravel,  which  proved  later  to  be 
exceedingly  rich,  was  finally  bottomed  by  a  deep  tunnel. 
"  Ten  square  feet,  superficial  measurement,  yielded  $100,- 
000,  and  a  pint  of  gravel  not  unfrequently  contained  a, 
pound  of  gold."  * 

An  impetus  to  deep  gravel  mining  or  drifting  was 
given  by  these  developments,  and  extensive  explorations 
of  a  similar  character  were  undertaken  subsequently  in 
other  parts  of  the  State. 

During  the  years  1856  and  1857  river,  bar,  and  gulch 
mining  were  less  productive,  but  quartz  and  ditch  inte- 
rests became  more  valuable. 

The  Frazer  River  excitement  of  1853  caused  a  stam 

*  See  Ross  Browne,  "Reports  on  the  Mineral  Resources  of  the  United  States,"  1867. 
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pede  of  miners  and  speculators  to  British  Columbia.  The 
subsequent  developments  of  these  gravel  helds  occasioned 
loss  to  those  who  had  been  attracted  thither  by  the  desire 
of  gain. 

In  1859-60  came  the  exodus  to  the  Comstock,  and  in 
1862  the  rush  to  Idaho  followed. 

Hydraulic  mining  gained  ground  steadily  from  1852 
to  1865.  As  the  river  bars  and  surface  diggings  one  after 
another  were  exhausted,  the  working  of  the  old  river  de- 
posits by  the  hydraulic  process  became  a  necessity.  At 
the  present  time  it  is  by  this  m(jdcrn  method  of  mining 
that  the  bulk  of  the  gold  of  this  State  is  produced,  and  in 
this  business  nearly  $100,000,000  of  capital  are  invested. 

The  hydraulic  process  is  now  carried  on  upon  such  a 
gigantic  scale  and  lo  so  vast  an  extent  as  to  require  the 
assistance  of  the  science  of  hydraulics  and  engineering. 
Heretofore,  apart  from  the  construction  of  ditches  and 
tunnels  necessary  for  washing  the  gold-bearing  dirt,  en- 
gineers have  had  but  little  to  do  with  the  management  of 
hydraulic  claims. 

The  primitive  placer-mining  of  1852  to  1865  has  passed 
into  history.  Forty-inch  wrought-iron  pipes  have  been 
substituted  for  canvas  hose  and  stove-pipe,  and  with  the 
replacing  of  one-inch  streams  by  a  mass  of  water  dis- 
charged through  nine-inch  nozzles  under  450-foot  pres- 
sure the  last  remnants  of  the  early  methods  disappeared. 


CHAPTER  III. 


GENERAL  TOPOGRAPHY  AND  GEOLOGY  OF  CALIFORNIA." 

The  topographical  features  of  central  California,  as 
demonstrated  by  the  explorations  of  the  State  Geological 
Survey,  are  found  to  be  exceedingly  simple.  Four  equi-^ 
distant  parallel  lines  can  be  used  in  conve3'ing  a  general 
idea  of  the  physical  geography  of  the  vState. 

The  Three  great  Belts  of  California.— A  "  main 
axial  line,"  whose  course  would  be  N.  31°  W.,  passing 
through  the  culminating  peaks  of  the  Sierra  Nevada  for 
a  distance  of  nearly  five  hundred  miles,  can  be  assumed 
as  the  eastern  boundary  of  the  gold  region.  A  second 
parallel,  drawn  fifty  miles  west  of  the  "  main  axial  line," 
will  skirt  the  west  base  of  the  Sierra  Nevada,  along  the 
edge  of  the  foot-hills,  from  Red  Bluff  to  Visalia.  A  third 
parallel,  run  equi-distant  from  the  second,  will  follow  verv 
closely  the  eastern  edge  t>{  the  Coast  Ranges  from  the 
neighborhood  of  Clear  Lake  to  that  of  Kern  Lake,  a  dis- 
tance of  over  three  hundred  miles.  A  fourth  equi-distant 
parallel  will  represent,  as  nearly  as  possible,  the  coast  line 
of  the  Pacific,  the  western  base  of  the  Coast  Ranges. 
These  parallels  divide  the  central  portion  of  the  State  be- 
tween Red  Bluff  (about  lat.  40°  N.)  and  Fort  Tejon  (about 
lat.  35°  N.)  into  three  belts — viz.,  the  Sieri-a,  the  Great 
Valley  of  California,  and  the  Coast  Ranges. 

This  arrangement  of  the  physical  features  holds  good 
for  a  length  of  four  hundred  miles  in  the  direction  of  the 
"  main  axial  line."  This  division  of  California  is  the 
largest  and  b\'  far  the  most  important,  embracing  almost 

*  See  vol.  i.,  *'  Geological  Survey  of  California,"  and  Whitney's  *'  Auriferous  Gravels 
of  the  Sierra  Nevada  of  California,"  which  are  the  principal  authorities  for  this  chapter. 

53 


54 


TOPOGRAPHY  AND  GEOLOGY 


the  whole  of  the  agricultural  and  the  greater  part  of  the 
mining  districts. 

These  lines  divide  the  State  geologically  as  well  as 
physically.  The  Great  Valley  is  the  belt  of  recent  allu- 
vial deposits  ;  the  Sierra  is  the  belt  of  intrusive  granite, 
of  strata  principally  of  triassic  and  Jurassic  age,  with  im- 
portant pliocene  river  deposits,  of  ante-cretaceous  eleva- 
tion, and  of  metamorphism  induced  by  heat  and  pressure 
and  resulting  in  a  hard  and  crj-stalline  condition  of  the 
rocks ;  the  Coast  Ranges  form  the  belt  of  strata  chiefly  of 
cretaceous  and  tertiary  age,  of  post-cretaceous  elevation 
and  of  chemical  metamorphism. 

The  Sierra  is  the  belt  of  the  precious  metal,  with  some 
iron  and  copper;  the  Coast  Ranges,  principall)-  of  quick- 
silver and  carbonaceous  materials.  The  Sierra  is  the 
region  of  lofty  heights,  the  Coast  Ranges  of  moderate 
elevations,  and  the  Great  Valley  of  nearly  dead  level. 

In  the  Sierra  volcanic  activity  has  ceased,  but  in  the 
Coast  Ranges  solfataric  action  is  still  apparent. 

This  parallelism  does  not  exist  in  the  northern  and 
southern  parts  of  California.  North  of  lat.  40°  N.  the 
Sierra  and  Coast  Ranges  approach  one  another  and  finally 
connect,  the  distinction  between  them  being  not  yet  defi- 
nitely settled.  In  the  south  the  Sierra  swings  to  the  west 
and  joins,  physically  at  least,  with  the  Coast  Ranges, 
which  here,  following  the  coast  line,  trend  to  the  east. 
Thus  the  Great  Valley  is  closed  in  its  upper  and  Icjwer 
extremities.  The  northern  and  the  southern  portions  of 
the  State  have  not  been  thoroughly  examined,  and  the 
present  knowledge  of  their  topography  and  geology  is 
very  limited. 

The  map  accompanying  this  work  shows  the  mountain 
ranges  where  the  auriferous  gravels  exist  and  also  the 
streams  draining  the  hydraulic  mining  districts.* 


*  The  map  was  compiled  from  the  latest  official  surveys  by  William  Hammond  Hall, 
Stale  Kngincer  of  California.  For  the  purposcs'of  this  work  certain  additions  have  ben 
made  by  the  author. 
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THE  BELT  OF  THE  COAST  RANGES. 

Topographical  Limits. — Exactly  where  the  Coast 
Ranges  begin  and  where  they  end  is  still  an  open  ques- 
tion, and  to  decide  this  point  satisfactorily  more  geological 
research  is  required.  For  the  present  genei^al  purpose,  and 
until  more  exact  data  are  furnished,  it  may  be  assumed 
that  the  belt  of  the  Coast  Ranges  commences  on  the  n(^rth 
at,  or  about,  the  mouth  of  the  Klamath  River.  Its  east- 
erly boundary  will  run  southeaster!}-  to  the  head  of  the 
Sacramento  valley,  in  the  neighborhood  of  Shasta,  and 
thence  continue  to  Fort  Tejon.  From  this  point  it  passes 
to  the  east  of  the  San  Gabriel  range,  through  Cajon 
Pass,  to  the  east  of  the  Temescal  range  and  to  the  south 
of  the  Sierra  de  Santa  Ana,  striking  the  ocean  in  the 
vicinity  of  San  Luis  Rey,  or  perhaps  including  a  narrow 
strip  of  territory  along  the  shore  soitth  to  the  Mexican 
boundary. 

Moimtaiil  System. — In  this  belt  the  mountains  are 
not  grouped  in  any  one  dominant  range,  but  form  nume- 
rous chains,  much  broken,  and  often  running  into  one 
another,  and  all  nearly  parallel  with  the  coast  lines. 
These  chains  are  separated  by  more  or  less  distinct  valleys, 
the  system  being  broken  through  completely  in  only  one 
place — namely,  where  the  united  waters  of  the  Sacra- 
mento c*nd  San  Joaquin  rivers,  which  drain  an  area  of 
fifty-seven  thousand  two  hundred  square  miles,  escape 
through  Suisun,  San  Pablo,  and  San  Fi-ancisco  bays  and 
the  Golden  Gate. 

Compared  with  the  Sierra  Nevada,  the  Coast  Ranges 
attain  but  inferior  elevations.  The  dominant  peaks  of 
the  several  chains  var}'  in  height  from  thirty-five  hun- 
dred to  six  thousand  feet,  few  exceeding  this  limit. 
In  the  Sierra,  on  the  other  hand,  there  are  numerous 
points  over  fourteen  thousand  feet  above  sea  level,  and 
for  a  large  part  of  the  range  the  passes  have  an  elevation 
of  more  than  nine  thousand  feet. 
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General  Topoffrapliieal  Structure. — In  the  ex- 
treme northwestern  ])art  of  the  State  tlie  general  struc- 
ture of  the  Sierra  Nevada  prevails — an  axial  mass  of 
granite  associated  with  hard,  crystalline  rocks  forming 
a  high  range.  Coming  south,  and  into  the  northern 
part  of  the  Coast  Range  belt  (west  of  Trinity  and  Kla- 
math rivers),  the  structure  is  modified,  the  granite  disap- 
pears, the  old  crystalline  rocks  arc  replaced  by  newer 
and  softer  strata,  the  elevations  decrease,  and  the  ranges 
become  more  numerous  and  indistinct,  although  as  far  as 
Clear  Lake  there  is  still  one  dominating  range,  quite  well 
defined  and  parallel  with  the  coast  line. 

South  of  Clear  Lake  the  ranges  are  verv  much  inter- 
mixed, the  hills  are  lower  and  more  rolling,  and  the  val- 
le3-s  are  wider.  The  average  elevation  decreases  steadily 
to  the  vicinitv  of  San  Francisco  Bav.  the  point  of  maxi- 
mum  depression. 

Further  south,  to  the  bay  of  Monterey,  there  are  two 
distinct  ranges,  that  of  Mount  Diablo  on  the  east  and  the 
Santa  Cruz  mountains  on  the  west,  with  the  southern 
part  of  the  bay  of  San  Francisco  and  the  important  valley 
of  Santa  Clara  between. 

South  of  the  bav  of  Monterey,  as  far  as  San  Luis 
Obispo  County,  the  country  becomes  more  mountainous 
and  confused.  The  general  elevation  increases  and  the 
valleys  become  narrow  and  small.  There  can  be  dis- 
tinguished, however,  three  equally  plain  systems :  the 
continuation  of  the  Mount  Diablo  range,  east  of  the  San 
Benito  River;  the  Gavilan  range  (connecting  with  the 
last  at  its  southern  extremity),  between  the  San  Benito 
and  Salinas  rivers;  and  the  Palo  Escrito  hills  and  Santa 
Lucia  range  on  the  west. 

From  the  northern  boundary  of  the  belt  to  the  south 
of  this  region  the  ranges  have,  in  general,  a  sufficiently 
well  marked  northwest  and  southeast  direction,  as  seen 
by  the  courses  of  the  principal  streams.  Here,  however, 
a  change  occurs,  the  coast  line,  and  with  it  the  mountain 
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chains,  making  a  sudden  turn  nearly  east  and  west,  or 
almost  at  a  right  angle.  The  Sierra  Nevada  also  bends 
around  towards  the  west  and  meets  the  Coast  Ranges, 
and  hence  results  a  confusion  of  topograj^hical  structure 
and  of  geological  formation.  The  highest  elevation  of 
the  belt,  that  of  Mount  San  Antonio  in  the  San  Gabriel 
range,  is  here  attained. 

South  ol  Los  Angeles  the  coast  line  returns  nearly  to 
its  former  northwest  and  southeast  course,  and  the  ranges 
appear  to  come  into  general  conformity  with  it;  but  there 
is  apparentl}'  much  irregularity  in  the  details,  of  which, 
in  fact,  but  little  information  is  extant. 

General  Geoloj»;ical  Structure. — As  a  general  rule 
the  rocks  of  the  belt  of  the  Coast  Ranges  are  altered  and 
unaltered  sandstones,  shales  and  slates  of  cretaceous  and 
tertiary  formations,  with  more  or  less  limestone.  The 
sedimentary  beds  have  been  metamorphosed  over  wide 
areas,  cruslied  and  folded  to  form  the  various  ranges.  In 
some  regions  v(jlcanic  rocks  appear  in  large  quantities. 
Granite  occurs  here  and  there,  but  almost  ahvavs  in  small 
masses,  except  where  the  Sierra  Nevada  makes  its  influ- 
ence felt.  It  forms  an  important  feature,  however,  in 
some  of  the  chains  south  of  Monterey  Bay,  and  forms  the 
axis  of  tlie  Santa  Monica  range,  which  differs  in  this  re- 
spect from  the  other  Coast  Ranges.  Other  rocks  are 
almost  unknown,  except  where  the  Coast  Ranges  and  the 
Sierra  come  intcj  close  contact. 

Metaniorphisin. — The  metamorphism  of  the  rocks 
is  principally  chemical,  and  is  very  prevalent  throughout 
the  belt,  often  to  such  an  extent  that  it  is  extremely  diffi- 
cult, if  not  impossible,  to  distinguish  between  rocks  of 
the  most  opposite  nature,  such  as  the  eruptive  and  the 
sedimentary.  Especially  noticeable  is  the  enormous  ex- 
tent of  change  of  slates  into  serpentine,  in  connection 
with  which  broken  jaspery  rocks,  also  a  product  of  the 
alteration  of  slates,  very  commonly  occur.  These  combi- 
nations of  serpentines  and  jaspers  are  important  to  the 
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miner,  as  being  the  carriers  of  the  quicksilver  ores  so  ex- 
tensively worked. 

Cretaceous  Formations. — The  cretaceous  forma- 
tions are  geologically  very  important,  especially  Irom  a 
mining  point  of  view.  In  the  sandstones  of  the  upper 
part  of  this  formation  occur  all  the  workable  beds  ol  coal 
yet  discovered. 

Coal  and  Cinnabar  Deposits. — Cinnabar  deposits 
have  been  found  in  California  in  many  localities  and  in 
rocks  of  nearly  ever\-  age— in  the  Sierra  Nevada  and  in 
the  southern  part  of  the  State,  in  the  triassic  strata ;  in 
the  Coast  Ranges,  also  in  the  tertiary.  But,  so  far  as 
known,  no  valuable  bodies  of  this  mineral  have  been  met 
with,  except  in  the  cretaceous,  in  which  position  it  is 
known,  in  small  quantities  at  least,  in  very  numerous 
places,  extending  in  a  line  with  the  metamorphic  cre- 
taceous from  across  the  Oregon  line  in  the  north  to  the 
vicinit}'  of  Santa  Barbara  in  the  south. 

The  cretaceous  formation,  principallv  slates,  jaspers, 
serpentine,  and  coarse  sandstones,  is  almost  the  exclusive 
one  north  of  Clear  Lake ;  and  south  from  there  to  San 
Francisco,  in  which  region  limestone  occurs  quite  fre- 
quently, it  still  predominates.  South  of  San  Francisco 
Bay  it  forms  the  central  and  prevailing  mass  of  the 
Mount  Diablo  range,  extending  as  far  as  the  north  end  of 
Tulare  Lake,  and  gradually  3  ielding  to  the  tertiary.  It 
also  constitutes  the  crest  and  eastern  side  of  the  Santa 
Cruz  range.  In  both  these  chains  the  cretaceous  rocks 
are  chiefly  slates  and  sandstones,  often  highly  altered,  with 
limestone  in  smaller  amounts  ;  and  serpentine  and  jaspers, 
"  which  have  been  traced  unmistakably  to  their  origin 
as  cretaceous  shales."  are  abundant.  South  of  Tulare 
Lake  the  cretaceous  formation  is  local  and  comparatively 
unimportant. 

Tertiary  Strata. — The  tertiary  strata  arc  principally 
miocene,  of  marine  origin,  and  for  the  most  part  are  not 
much  metamorjjhosed.    They  are  hardly  known  north  of 
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Clear  Lake,  although  the  great  bituminous  slate  forma- 
tion has  been  traced  from  Cape  Mendocino  through  the 
country  south  to  Los  Angeles. 

South  of  the  bay  of  San  Francisco  the  strata  of  this 
slate  formation  are  everywhere  turned  up  at  a  high  angle, 
while  north  of  the  bay  they  are  less  disturbed.  The  ter- 
tiary, which  is  so  limited  north  of  San  Francisco  Bay,  in- 
creases in  importance  going  south.  It  flanks  the  cre- 
taceous on  both  sides  of  the  Mount  Diablo  range,  and 
gradually  limits  it.  The  western  and  larger  portion  of 
the  Santa  Cruz  range  (the  geology  of  which  is  somewhat 
complicated  by  the  presence  of  intrusive  granite  rocks  in 
various  places;  is  said  to  be  miocene.  In  the  Gavilan  and 
Santa  Lucia  system  of  ranges  the  tertiary  is  continued, 
and  granite  and  highly  metamorphosed  rocks  occur  in 
considerable  quantit}' ;  but  the  region  is  dry  and  very 
rough,  and  has  been  but  little  explored. 

Asphaltuiii  Deposits. —  The  different  ranges  in 
Santa  Barbara  and  Ventura  counties  are  made  up  chiefly 
of  miocene  rocks,  consisting  principally  of  a  coarse-grained 
sandstone  below,  and  over  this  a  fine-grained  slate  or 
shale,  often  highly  bituminous  and  generally  very  much 
contorted  and  tilted  nearly  vertical.  In  Santa  Barbara, 
Ventura,  and  Los  Angeles  counties,  where  the  tertiary 
bituminous  slate  predominates,  the  principal  deposits  of 
superficial  asphaltum  have  been  found,  and  here  attempts 
have  been  made  to  strike  flowing  petroleum  wells. 

As  one  approaches  the  Sierra  Nevada  to  the  east  of 
this  region,  and  also  in  going  south,  granite  becomes 
more  frequent  and  the  sedimentary  rocks  get  harder  and 
more  crystalline.  There  is  a  granitic  belt  formmg  a  con- 
tinuation of  the  San  Gabriel  range,  and  connecting  at 
Tej(Mi  Pass  with  the  metamorphic  and  granitic  masses  of 
the  Sierra,  the  crystalline  rocks  being  apparently  con- 
tinuous, but  the  disturbance  of  the  tertiary  and  cretaceous 
formations  not  being  visible  east  of  Tejon  Pass.  The 
granite  forming  the  divide  between  the  branches  of  the 
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Santa  Clara  River  and  the  Mojave  Desert  is  overlaid  on 
the  edge  next  the  plain  with  stratified  beds  of  recent  vol- 
canic  material. 

Till  Ore.— South  of  L<«  Angjeles  the  ranges  are  of 
mixed  character,  and  arc  very  often  considered  as  not 
belonging  to  the  Coast  Ranges  proper.  The  Sierra  de 
Santa  Ana  is  composed  on  the  s(nith  of  granite,  trap- 
pean  and  metamorphic  rocks,  while  on  the  north  coarse 
niiocene  sandstone  and  conglomerates  prevail.  The  Te- 
mescal  range  consists  principally  of  granite,  porphyry, 
and  metamorphic  sandstone,  partly  cretaceous  and  partly 
tertiary.  Here  is  the  (jnly  known  locality  on  the  coast 
north  of  Mexico  where  tin  ore  has  been  found. 

Still  further  south  toward  the  Mexican  boundary  there 
is,  along  the  ocean  shore,  a  narrow  strip  of  unaltered  ore- 
taceous  and  tertiary  rocks. 

Pliocene  Gravels.— Pliocene  gravels  occur  in  vari- 
ous places  in  the  Coast  Ranges,  sometimes  in  large  de- 
posits. These  arc  in  many  cases  the  work  of  disinte- 
grating adjacent  formations.  Gold  has  been  found  in 
some  places,  but  seldom  in  paying  quantities. 

North  of  Clear  Lake,  at  the  bottom  of  the  canons 
which  have  been  cut  out  chiefly  by  running  water,  are 
sometimes  small  deposits  of  gravel  of  pliocene  age. 
These,  especially  at  the  north,  carry  gold.  Between 
Clear  Li^ke  and  San  Francisco  the  only  large  gravel  bed 
is  the  extensive  one  east  of,  and  not  far  from,  Clear  Lake. 
This  bed  is  covered  in  part  by  lava. 

There  are  several  localities  in  which  deposits  of 
gravel,  probably  pliocene,  occur  in  the  miocene  strata  of 
the  Mount  Diablo  range,  as  south  of  the  Livermore  val- 
ley, but  these  contain  no  gold  so  far  as  known.  Similar 
deposits  are  also  found  on  the  eastern  edge  of  the  Santa 
Cruz  range,  as  on  the  east  slope  of  the  Mount  Bache 
ridge,  where  considerable  ground  has  been  washed  for 
gold,  but  without  profit.  Between  the  Gavilan  and 
Mount  Diablo  ranges,  south  of  Trcs  Pinos,  there  is  an 
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immense  mass  of  pliocene  gravel,  apparently  non-auri- 
ferous,  made  up  of  pebbles  of  granite,  red  and  green  jas- 
pers, silicious  slates,  and  other  metamorphic  material, 
in  the  Santa  Lucia  range,  near  the  Mission  San  Antonio, 
placers  have  been  worked  to  some  extent,  and  gold  has 
been  found  in  small  quantities  in  several  places. 

The  miocene  strata  of  the  ranges  in  Santa  Barbara 
and  Ventura  counties  are  covered  unconformably  in 
places  by  nearly  horizontal  and  slightly  disturbed  plio- 
cene beds.  In  various  places  south  of  the  junction,  near 
Fort  Tejon,  of  the  Sierra  Nevada  and  Coast  Ranges,  plio- 
cene gravels  occur  over  small  areas.  At  San  Francisco 
cafion  these  gravels  have  been  washed  and  more  or  less 
gold  obtained  at  various  times  since  1841  according  to 
some  authorities,  and  since  1838  according  'to  Father 
Venegas. 

Along  the  San  Gabriel  range  gold-washing  has  been 
carried  on  intermittently  with  more  or  less  profit.  At 
the  base  of  the  Sierra  de  Santa  Ana  are  immense  accu- 
mulations of  gravel  made  up  of  the  wash  of  disintegrated 
tertiary  strata. 

Gold,  Silver,  aiitl  Copper  Veins. — Veins  of  gold, 
silver,  and  copper  have  been  reported  at  different  locali- 
ties along  the  Coast  Ranges. 

Eruptive  Rocks. — A  belt  of  eruptive  rocks,  of  which 
Mount  St.  Helena  is  the  culminating  point,  extends 
from  near  Napa  to  Clear  Lake  down  to  Suisun  Bay, 
and  large  areas  in  tliis  regi(Mi  are  covered  by  lava, 
obsidian,  pumice,  and  volcanic  ashes.  Especiall}'  in  the 
vicinity  of  Clear  Lake  modern  volcanic  formations  abound, 
and  hot  springs,  sulphur  beds,  and  other  evidences  of 
modern  igneous  action  are  common ;  but  to  the  north 
of  Clear  Lake  no  volcanic  phenomena  of  the  kind  are 
known,  and,  -south  of  San  Francisco  volcanic  ri)cks 
are  not  found  in  any  large  quantities.  Hot  and  sul- 
phur springs  arc,  liowevei^,  quite  common  in  the  Coast 
Ranges. 
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THE  GREAT  VALLEY  OF  CALIFORNIA. 

General  Topo^aphy. — The  valleys  of  the  Sacra- 
mento and  the  San  Joaquin  rivers  form  in  the  centre  of 
California  a  large  plain,  nearly  elliptical  in  shape,  extend- 
ing from  near  Shasta,  in  lat.  40°  40'  N.,  to  Fort  Tejon,  in 
lat.  34°  50'  N.,  an  extreme  length  of  four  hundred  and 
fifty  miles,  with  an  average  width  of  forty  miles,  and  an 
area  of  eighteen  thousand  square  miles. 

This  plain  is  comparatively  level.  The  Sacramento 
River,  between  Shasta  and  its  mouth,  has  an  average  fall 
of  2.8  feet  per  mile.  The  San  Joaquin  River,  from  Kern 
Lake  to  its  outlet,  has  an  average  inclination  of  i.i  feet 
per  mile.  The  valley  of  the  Sacramento  is  narrower  than 
that  of  the  San  Joaquin.  The  southern  portion  of  the 
latter  is  very  level  and  contains  several  shallow  lakes  of 
considerable  area.  The  evaporation  here  about  equals 
the  water  supply. 

Druiiiajfe. — -By  far  the  larger  part  of  the  water  com- 
ing into  the  Great  Valley  is  derived  from  the  Sierra  Ne- 
vada. There  is  hardly  a  stream  which  furnishes  water 
throughout  the  year  on  the  east  slope  of  the  Coast  Ranges, 
certainly  not  one  in  the  San  Joaquin  division.  The 
fact  that  many  rivers,  passing  chiefly  through  the  mining 
regions,  flow  down  the  west  slope  of  the  Sierra  and  empty 
into  the  Sacramento  or  San  Joaquin,  makes  the  whole 
drainage  system  worthy  of  attention. 

Rainfall. — The  rainfall  of  the  Great  Valley  is  com- 
paratively small,  especially  in  the  southern  parts.  On  the 
east  slope  of  the  Coast  Ranges  the  amount  of  water  de- 
rived from  rain  is  small.  On  the  west  slope  of  the 
Sierra  there  is  considerable  precipitation,  chiefly  in  win- 
ter, and  in  great  part  in  the  shape  of  snow.  In  the  spring 
and  early  summer  the  flow  of  water  down  the  last  men- 
tioned slope  is  greater  than  at  other  seasons,  so  much 
so  that  ever)-  year  freshets  occur.  Heavy  storms  often 
cause  destructive  floods  here,  and  if  the  theories  of  many 
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who  have  written  on  the  subject  of  forests  are  correct, 
these  Hoods  will  increase  in  magnitude  with  the  destruc- 
tion of  timber  in  the  Sierra. 

THE  BELT  OF  THE  SIERRA  NEVADA. 

Topographical  Structure.— The  Sierra  Nevada  is 
a  well-defined  range  of  mountains  situated  on  the  edge  of 
a  high  plateau,  its  eastern  base  being  about  four  thou- 
sand feet  high,  while  its  western  side  slopes  nearl}-  to  the 
sea-level.  Its  eastern  flank  is  comparatively  short  and 
steep  ;  its  western,  long  and  with  a  gradual  descent,  aver- 
aging in  the  central  part  of  the  State  about  one  hundred 
feet  per  mile.  This  west  side  is  broken  by  steep  canons 
in  which  the  present  rivers  flow,  running  at  abcjut  right 
angles  with  the  axis  of  the  ridge,  so  that  an  "elevation  of 
three  thousand  to  four  thousand  feet  above  the  sea-level 
the  divide  between  an}'  two  streams  is  from  several  hun- 
dred to  two  thousand  feet,  or  more,  above  the  bottoms  of 
the  canons  on  either  side. 

In  the  northern  part  of  the  State  the  range  is  outlined 
indistinctly,  consisting  of  broken  ridges  with  several  pro- 
minent peaks.  The  general  elevation  may  be  assumed  to 
be  seven  thousand  or  eight  thousand  feet.  Mount  Shasta, 
the  highest  point  of  this  section,  rises  to  a  height  of  four- 
teen thousand  four  hundred  and  forty  feet,  dominating 
over  all  the  others.  South  of  this,  from  Lassen's  Peak 
(lat.  40°  40'  N.)  to  near  Tejon  Pass  (lat.  35°  N.),  the  Sierra 
Nevada  forms  one  clearly  defined  crest,  graduallv  in- 
creasing in  height  toward  the  south.  Along  the  head- 
waters of  the  Feather  River,  in  Plumas  and  Sierra  coun- 
ties, the  elevation  of  the  prominent  peaks  is  about  nine 
thousand  feet,  and  of  the  passes  from  five  thousand  to  six 
thousand  feet.  Lassen's  Peak  rises  ten  thousand  five  hun- 
dred feet  above  the  sea-level.  The  western  slope  here 
has  a  total  width  of  some  eighty-five  miles. 

Around  the  head-waters  of  the  American  River,  in 
Nevada,  Placer,  and  El  Dorado  counties,  the  main  crest  is 
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a  little  over  nine  thousand  feet  high,  and  the  passes  seven 
thousand  to  eight  thousand  feet ;  Donner  Pass,  through 
which  the  Central  Pacific  Railroad  is  built,  being  seven 
thousand  feet  high.  The  range  here  divides  into  two 
crests  between  which  lies  Lake  Tahoe,  a  body  of  water 
twenty  miles  long,  eight  to  twelve  miles  wide,  and  a  lit- 
tle over  six  thousand  feet  above  sea-level. 

At  the  head-waters  of  the  Merced  and  Tuolumne 
rivers,  in  Tuolumne  and  Mariposa  counties,  the  main 
peaks  are  twelve  thousand  to  thirteen  thousand  feet  high, 
and  the  passes  nine  thousand  to  ten  thousand  leet.  The 
width  of  the  western  slope  is  fully  eigiity  miles. 

The  highest  Sierra  is  between  lat.  37"  31'  N.  and  lat.  36° 
N.,  in  the  region  of  the  head-waters  of  the  Kern,  King's, 
and  San  Joaquin  rivers.  Here  the  main  crest  is  twelve 
thousand  to  tliirteen  thousand  feet  high,  with  numerous 
points  exceeding  fourteen  thousand  feet.  Mount  Whitney 
being  the  culminating  peak.  The  west  slope  is  some  fifty 
miles  wide,  with  an  average  descent  of  two  hundred  and 
fifty  feet  to  the  mile. 

Still  further  south  the  range  turns  to  the  west,  and 
from  this  point  is  less  marked  in  its  character.  In 
the  southern  part  of  the  State  is  a  mass  of  high,  broken 
ranges  (the  San  Bernardino  range  being  tlic  most  ex- 
tensive) allied  in  their  general  structure  and  formation  to 
the  main  Sierra  Nevada,  but  as  yet  insufificientlv  ex- 
plored. 

General  Cji<M)loj?it'al  Structure.— The  Sierra  Ne- 
vada is  made  up  of  : 

(1)  a  central  intrusive  core  of  granite,  flanked  by 

(2)  metamorphic  slates  of  triassic  and  Jurassic  age  (the 
so-called  auriferous  slate  formation),  over  which  lies 

(3j  a  covering  of  cretaceous,  tertiary,  and  post-tertiary 
deposits,  which  are  either 

(a)  the  river  deposits  which  form  the  material  which 
is  washed,  cither  b}-  hydraulic  or  drift  process,  to  extract 
the  gold  contained  therein  ;  or 
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{b)  sedimentary  volcanic  layers  ;  or 
(c)  lava ;  or  finally,  in  some  places, 
{d)  marine  formations. 

Granite.— The  granite  occurs  in  the  extreme  north- 
western part  of  the  State,  disappearing  in  the  northeast- 
ern under  the  extensive  lava  beds,  reappearing  in  Butte 
and  Plumas  counties,  and  continuing  to  increase  in  amount 
of  exposure  toward  the  south,  until  in  Fresno  and  Tulare 
counties  it  forms  territorially  by  far  the  greater  part  of  the 
belt,  extending  from  the  crest  almost  down  to  the  plain. 

Auriferous  Slate  Formation. — The  auriferous 
slate  formation,  consisting  chiefly  of  metamorphic,  crys,- 
talline,  argillaceous,  chloritic  and  talcose  slates,  appears 
with,  but  subordinate  to,  the  granite  in  the  northwest.  It 
appears  again  in  Plumas  and  Butte  counties,  increasing 
in  importance  as  the  overlying  lava  decreases.  North  of 
the  American  River  it  occupies  nearl}-  the  whole  width 
of  the  western  slope  of  the  Sierra,  with  occasional  areas 
of  granite  enclosed  in  it.  Going  south,  it  gradually  con- 
tracts in  width,  being  of  but  little  importance  south  of 
Mariposa  Count\'.  In  the  extreme  south,  at  the  junction 
of  the  Sierra  and  the  Coast  Ranges,  it  reappears  and  con- 
tinues in  San  Bernardino  and  San  Diego  counties  in  con- 
nection with  the  granite. 

The  strata  of  this  formation  are  elevated  very  con- 
siderably, often  in  a  nearly  vertical  position.  Speaking  in 
very  general  terms,  it  may  be  said  that  the  strike  of  the 
slates  is  usually  parallel  with  the  axis  of  the  range  and  the 
dip  in  the  southern  portion  of  the  belt  is  generally  to  the 
east. 

Gold  Quartz  Veins. — In  this  formation  occur  al- 
most exclusively  the  veins  of  quartz  which  carry  gold  in 
amounts  which  pay  for  working.  While  such  veins  occur 
also  in  the  granite,  and  likewise,  as  has  been  mentioned, 
ir.  some  of  the  Coast  Range  formations,  the  paying  gold 
quartz  is  rarely  found  outside  of  the  auriferous  slate 
formation.    Some  of  these  veins  are  of  very  great  size, 
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notably  the  "  great  quartz  vein,"  which  has  been  traced 
fiom  near  tlie  centre  of  Amador  County  thrcjugh  Cala- 
veras and  Tuolumne  into  Mariposa  to  the  Mariposa  Es- 
tate, a  distance  of  eighty  miles.    The  vein  attains  a  width,, 
in  places,  of  several  hundred  feet. 

Carboniferous  Liiiiestoiies. — There  are  certain 
limestones  in  Shasta  and  Butte  counties  which  are  car- 
boniferous, the  oldest  formation  known  in  the  State,  and 
which  are  possibly  the  same  as  those  found  here  and  there 
throughout  the  gold-mining  regicjn. 

Marine  Sedimentary  Deposits. — The  marine  sedi- 
mentary deposits  of  cretaceous  and  tertiary  age  occur  in 
the  foothills  all  along  the  eastern  margin  ol  the  Great 
Valley,  l3'ing  unconformably  on  the  upturned  edges  of 
the  auriferous  slates.  Their  greatest  development  is  in 
Kern  County,  between  Kern  and  White  rivers.  The  rock 
is  lor  the  most  part  a  soft  sandstone,  made  up  chiefly  of 
granite  debris. 

Lava. — The  chief  lava  country  is  in  Plumas  and  Butte 
and  the  region  north  of  these  counties,  and  east  of  Trinity 
and  Klamath  rivers.  Here  is  a  series  of  volcanic  cones,  of 
which  Lassen's  Peak  and  Mount  Shasta  arc  the  most  pro- 
minent, from  which  flowed,  in  the  later  tertiary  or  still 
more  recent  times,  the  streams  of  lava  which  now  cover 
many  thousands  of  square  miles  ol  northern  California 
and  souliiern  Oregon.  The  limitation  of  the  auriferous 
belt  at  the  north,  in  Plumas  and  Butte  counties,  is  due 
not  to  the  thinning  out  of  the  gold-bearing  formation,  but 
to  its  being  covered  b)'  this  volcanic  mass. 

Along  the  crest  of  the  Sierra,  to  the  south,  are  nume- 
rous volcanic  vents  and  here  and  there  are  areas  of  lava, 
but  these  are  comparatively  small.* 

Sedimentary  Voleanic  Layers. — Very  frecjuent, 
and  'issociatc'd  with  the  gravel  deposits,  are  the  sedimen- 
tary volcanic  lavers,  consisting  of  fragments  of  lava  which 

*  As  tothc  Tin-'lumne  Tabic  Mountain  see  J.  Ross  Urownc,  "Mineral  Rcscurces  of  the 
U.  S.,"'  1867,  page  25. 
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have  been  carried  to  a  distance  by  water  and  deposited 
as  breccia  or  conglomerate  of  volcanic  ashes  or  lapilli. 
These  layers  stratified,  often  in  alternation  with  gravel 
or  clay,  generally  cover  the  gravel  deposits. 

Gravel  Deposits. — The  gravel  deposits  occur  in 
every  variety  of  texture,  from  very  fine  pipe  clay, 
through  sands  and  gravels,  to  rolled  pebbles  and  boul- 
ders sometimes  weighing  tons.  It  is  now  generally  ac- 
cepted that  they  have  been  laid  down  by  the  action  of 
a  system  of  tertiary  rivers,  which  had  the  same  general 
course  (nearly)  as  the  present  streams  on  the  west  sbjpe 
of  the  Sierra,  but  wlujse  channels  were  wider  and  slopes 
greater.  The  waters  of  these  rivers,  enxling  the  auri- 
ferous slates  with  the  included  quartz  veins,  concentrated 
the  precious  metals  in  deposits  often  three  hundred  and 
filty  to  four  hundred  feet  wide  at  the  bottom  and  some- 
times several  thousand  feet  wide  on  top.  Their  depth 
now  varies  from  a  few  inches  to  si.\  or  seven  hundred  feet. 
Volcanic  eruptions  have  in  places  covered  these  deposits 
with  lava  and  tula  hundreds  of  feet  deep.  Denudation 
and  erosion  ensued  and  the  products  of  volcanic  activ 
it'-  have  sometimes  been  covered  in  turn  with  gold-bear- 
ing detritus.  Quantities  of  fossil  wood  and  numerous  re- 
mains of  land  and  water  animals  have  been  found  in  the 
deposits  and  arc  being  constantly  unearthed  as  the  mines 
are  being  worked.* 

The  deep  canons  of  the  rivers  of  the  extreme  northern 
counties,  especially  the  Klamath  and  its  branches,  contain 

*  In  reference  to  the  occurrence  of  gold  the  following  note,  taken  from  the  Engineering 
and  Mining  yournai,  February  10,  1877,  relative  to  the  discovery  of  pay  gold  in  the  New 
South  Wales  coal  measures,  will  be  found  interestine.  Mr.  C.  S.  Wilkinson,  F.R.S.,  writes 
from  the  Geological  Survey  Office,  Geelong,  under  date  of  November  25,  to  the  Mining  De- 
partment, as  follows; 

During  my  examination  of  the  Tallawang  Gold  Field  Reserve  I  observed  the  important 
fact  that  the  gold  found  in  tertiary  alluvial  deposits  at  the  old  Tallawang  and  Clough's  Gully 
diggings  has  been  chiefly  derived  from  conglomerates  in  the  coal  measures.  These  conglo- 
merates are  .issociated  with  beds  of  sandstone  and  shales  containing  the  fossil  plant  of  our 
coal  measures,  ihe  glosso/'teris.  .  .  .  This  is  the  first  time  that  roUI  has  been  noticed  to  occur 
in  payable  quantity  in  the  coal  measures  in  the  colony,  and  it  is  not  unworthy  of  remark  that 
wc  here  possess  one  of  the  most  ancient  alluvial  deposits  in  the  world." 


G8 


toi'()(;kai'Iiv  and  geolo(;y 


large  amounts  of  gravel  which  have  been  washed  quite 
extensively.  These  gravels  are,  however,  thought  to  be 
ordinary  river  deposits  on  a  large  scale.  In  the  southern 
part  of  the  State,  in  Santa  Barbara  and  San  Diego  coun- 
ties, gold-wasiiing  has  been  carried  on  to  some  extent,  but 
under  uiilavorable  conditions  and  apparently  without 
much  profit. 

Depo.sits  ;it  La  (rraiige.  —  The  deposits  at  La 
Grange,  Stanislaus  County,  in  a  distance  of  one  and  a 
half  miles  in  a  northerl\-  and  southcrlv  direction,  cross 
four  distinct  and  widely  vary  ing  formations  (see  annexed 
topographical  and  geological  section),  which,  enumerated 
in  accordance  with  their  relative  ages,  are:  argillaceous 
slates,  occurring  nortli  of  the  Tuolumne  River,  probably 
Jurassic  ;  diorite  ;  a  thin  stratum  of  basaltic  tufa ;  and  post- 
pliocene  auriferous -deposits  of  sand  and  gravel. 

The  slates  have  a  general  strike  northwesterly  and 
southeasterly,  parallel  to  the  general  trend  t)f  the  Sierra 
Nevada  Mountains,  and  dip  at  an  angle  of  about  sixty  de- 
grees. The  diorite  is  occasionally  porphyritic,  changing 
into  aphanite  and  .serpentine  in  places  which,  so  far  as  ob- 
served, are  not  on  the  direct  line  of  the  section.  It  some- 
times contains  quartz,  and  must  be  clas.sed  as  syenitic. 
Where  overlaid  by  basaltic  tufa  or  gravel  it  is  very  much 
decomposed,  presenting  the  appearance  of  clay  shale, 
showing  thick-bedded  stratification,  a  water-worn  and  un- 
dulating surface,  with  luinuious  pot-holes  similar  to  a 
river  bed. 

The  basaltic  tufa,  from  two  to  six  feet  thick,  occurs  in 
more  or  less  isolated  patches,  having  been  washed  away 
in  places  and  cut  up  by  streams  previous  to  or  during  the 
deposition  of  the  gravel.  It  is  generally  of  a  light  green- 
ish or  yellowish  color,  occasionally  pink  or  of  a  rusty  iron 
tinge,  and  frequently  contains  angular  quartz  pebbles  and 
rounded  masses  of  flint-like  rock. 

The  auriferous  deposits  of  sand  and  gravel  rest  upon 
the  tufa,  and  are  not  capped  by  any  volcanic  flow.  Bones 
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and  teeth  of  the  elephant  have  been  found  imbedded  in 
them.  The  gravel  is  composed  of  such  rocks  only  as  are 
found  to  the  eastward  in  the  foothills  and  the  mountains 
of  the  Sierra  Nevada,  and  consequently  must  have  come 


from  that  general  direction. 

A  section  of  the  gravel  occurring  in  the  New  Kelly 
claim  shows  the  deposit  to  consist  of : 

I.  Top  soil  (red  sand)   1.7  feet. 

II.  Coarse  red  gravel  with  sand  (the  gravel  is  chietiy 

granite)    6.1  " 

III.  Red  cement  hard-pan   6.0  " 

IV.  White  sandy  clay   0.8  " 

V.  Red  cement  hard-pan   3.3  " 

VI.  Sand  and  pebbles   6.5  " 

VII.  Loose  yellowish  sand   7.4  " 

VIII.  Dark-colored  gravel  of  granite,  slate,  porphyry,  , 
greenstone,    aphanite.    serpentine,  quartzite, 

diorite,  etc   13.2  " 

Total./   45  0  " 


Quartz  gravel  of  large  size  is  of  rare  occurrence. 
Boulders  of  diorite,  several  tons  in  weight,  are  common 
in  some  of  the  deeper  holes  of  the  bed-rock.  The  greater 
part  of  the  gold  is  confined  to  the  lower  stratum  of  gravel, 
next  to  the  bed-rock,  and  is  associated  with  magnetic  iron 
and  platinum. 


CHAPTER  IV. 


THE  DISTRIBUTION  OF  GOLD  IN  DEPOSITS  AND  THE 
VALUE  OF  DIFFFHENT  STRATA. 

No  absolutely  satisfactory  explanation  has  yet  been 
given  of  the  distribution  of  gold  in  deposits.* 

The  opinion  is  held  by  some  that  the  precious  metal 
is  uniformly  disseminated  throughout  the  beds.  But  this 
is  the  case  only  in  very  exceptional  instances,  and  the  un- 
equal distribution  of  the  gold  f  is  so  general  as  to  have 
given  rise  in  California  to  the  expression  "  pay  dirt," 
which  means  the  stratum  or  strata  containing  gold  in 
amounts  which  render  work  profitable. 

Top  Gravel  sonieiiines  paj.s.— In  a  few  instances 
the  gold  occurs  in  comparatively  large  amounts  in  thin 
streaks  of  cemented  gravel  scattered  here  and  there  in 
the  alluvions,  and  in  some  shallow  banks  :f  it  is  quite 
generally  disseminated.  Even  in  high  banks  the  upper 
portion  or  "  top  gravel,"  when  consisting  of  fine  light 
quartz-wash  with  no  boulders  or  pipe-cla3%  and  where  the 
cost  of  hydraulicking  is  very  small  (owing  to  the  facilities 
of  a  heavy  grade,  sufficient  dump,  and  cheap  water),  has 
been  washed  at  a  profit,  though  carrying  an  insignificant 
amount  of  gold  per  cubic  yard.  For  this  reason  the  miner 
always  tests  the  whole  of  the  deposit. 

•See  "  The  Auriferous  Gravels  of  the  Sierra  Nevada  of  California,"  p.  516.  By  J.  D. 
Whitney. 

t  On  the  subject  of  the  relative  position  of  gold  in  deposits  see  Report  of  Mr.  Stutchbury^ 
Government  Geologist  of  New  South  Wales;  Quarterly  Jour.  Gtot.  Soc.  1858,  p.  ';83,  M.  A. 
Selwin  ;  "  Gold-Fields  and  Mineral  District*  of  Victoria,"  pp.  81.  82,  87,  131,  173,  R.  Brough 
Smythe  ;  Cotta's  "  Lchrc  v.  d.  Erzlagcrstittlen,"  vol.  i.  p.  loi.  and  vol.  ii.  p.  556  ;  .Murchison's 
*'  Russia  and  the  Ural  Mts.,"  vol.  i.  pp.  482-487,  and  "  Siluria,"  p.  456  ;  Whitney's  "  .Auri- 
ferous ^^ravcls  of  the  Sierra  Nevada,"  p.  361  ;  J.  Grimm's  "  LagerstStten  d.  Nutzbarcn  Mine- 
ralicn."  p.  a6  ;  Hartt's  "  Oeol.  and  Phys.  Geog.  of  Brazil,"  pp.  53,  51.  159,  t6o  ;  Mawe's  Tra- 
vels, pp.  222-227 :  Monroe's  "  Mineral  Wealth  of  Japan,"  Trans.  Amer.  Inst,  of  Mining  Engi- 
neers, vol.  V.  p.  236  ;  "  Gold  Deposits  of  Jaragua."  Ann.  d.  Mines^  t8l7,  vol.  ii.  p.  ao2. 

%  See  "  Gold-Fields  and  Mineral  Districts  of  Victoria,"  p.  84. 

70 


DISTRIBUTION  OF  GOLD  IN  GRAVEL. 


71 


The  top  gravel  of  the  channel  which  passes  through 
Columbia  Hill,  Nevada  County,  has  in  several  instances 
been  successfully  washed.  This  is  especially  remarkable 
on  account  of  the  great  depth  of  this  deposit,  which,  from 
the  explorations  on  Badger  Hill  and  Grizzly  Hill,  is  in- 
ferred to  be  from  six  hundred  to  six  hundred  and  twenty 
feet  deep. 

Gold  in  the  Grass-Roots.— Not  unfrequently  a  fine 
lamina  gold  is  found  in  the  grass-roots.  This  last  men- 
tioned circumstance  is  in  no  way  localized,  the  same  fact 
having  been  noted  in  other  countries.  Mawe  called  atten- 
tion to  the  existence  of  gold  in  the  grass-roots  on  Mount 
San  Antonio,*  in  Brazil  ;  and  Walsh  states  that  gold  was 
first  discovered  in  the  deposits  between  San  Jose  and  San 
Joao,  Brazil,  by  Paulistas,  who,  pulling  tufts  of  grass, 
"  found  numerous  particles  of  gold  entangled  in  the 
roots."  f 

Piiy  Gravel  sometimes  high  .above  Betl-Rock. 

—  At  the  Polar  Star  Mine,  Indiana  Hill,  Placer  County, 
the  best  pay  was  found  from  six  to  eightv  feet  above  bed- 
rock. At  diggings  near  Forest  Hill,  Placer  County,  the 
gravel  twenty  to  sixty  feet  above  the  bed-rock  has  yielded 
profits.  At  Bath  a  stratum  one  hundred  feet  above  bed- 
rock was  drifted  profitably  and  the  top  dirt  hydraulicked 
subsequently. 

Pay  Gravel  generally  near  Bed-Rock. — But  ex- 
perience has  proved  that,  as  an  almost  universal  rule,  the 
top  gravel  of  deep  alluvions  is  not  rich  enough  to  warrant 
large  investments  of  capital.  Also  that  the  "  pay  "  is  ob- 
tained, not  from  the  washings  of  the  entire  bank,  but 
chiefly  from  that  stratum  or  those  strata  which  are  in 
most  cases  'within  eight  or  ten  feet  of  the  bed-rock. 
Where  this  is  of  slate  upturned  on  its  edges  the  gold 
frequently  permeates  it  one  or  two  fcet-X 


*  ATawe'<;  Travels,  p.  264.  t  Walsh's  "  Notices  of  Rrazil."  1828-29,  vol.  ii.  p.  122. 

X  Sec  Murchison's  *'  Siluria."  p.  4=;^^.  and  "  Russia  and  the  Ural  Mountains,"  vol.  i.  p. 
487  ;  also  "  GoId-Fie!ds  and  Mineral  Districts  of  Victoria."  pp.  86,  106. 
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Tuolumne  River  Claims.  —  The  gold  alluvions 
found  near  and  along  the  banks  of  the  Tuolumne  River, 
Stanislaus  County,  present  some  striking  examples  of  the 
distribution  of  the  precious  metal.  The  pay  dirt  in  the 
Chesnau  claim  is  confined  to  within  six  feet  of  the  bed- 
rock. In  the  Sicard  claim,  six  hundred  feet  south  of  the 
last  and  across  a  ravine,  with  banks  twenty  to.  forty  feet 
high,  the  gold  is  disseminated  more  generally  so  long  as 
there  are  no  sand  strata  ;  but  whenever  the  latter  appear 
the  pay  is  confined  to  near  the  bed-rock. 

In  the  Patricksville  Light  claim  the  pav  stratum  is  six 
or  seven  feet  thick  and  adjoins  the  bed-rock.  The  gold  is 
concentrated  in  this  layer  so  long  as  there  are  sand  strata 
in  the  bank,  but  with  their  disappearance  it  becomes  more 
diffused  throughout  the  detritus. 

At  the  French  Hill  claim  the  pay  was  limited  almost 
exclusively  to  the  gravel  near  the  bed-rock. 

Nevada  County. — The  bulk  of  the  pay  dirt  in  the 
cement  gravel  in  Nevada  County  i.s  within  thirty  feet  of 
the  bottom.  In  drift  claims  the  workings  are  nearly  al- 
ways confined  to  within  a  lew  feet  of  the  bed  of  the 
channel. 

Sand  generally  poorer  than  Gravel. — In  the 

gold-bearing  drilt  of  the  Sierra  Nevada  layers  consisting 
exclusively  of  wash-sand  are  generally  found  to  contain 
very  little  if  any  of  the  precious  metal. 

Rich  Pay  in  Undulations  and  Depressions. — 
At  French  Hill,  Stanislaus  Countv,  wlicre  tiie  bed-rock 
was  undulating,  and  in  depressions  found  around  a  little 
hill  formed  bv  a  sudden  rise  in  the  bed-rock,  the  gravel 
paid  better  than  in  any  other  portion  of  the  claim. 

The  gold-fields  south  of  Miask,*  in  the  Ural  Mountains, 
present  a  similar  case,  all  the  undulating  ground  and  de- 
pressions around  conical  hills  being  the  most  productive 
of  gold. 

At  the  Patricksville  Light  claim  a  large  hole  in  the 

*     Russia  and  the  Urai  Mounlnins.'*  %'ol.  i,  p.  j8R. 
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bed-rock,  twenty  five  feet  deep,  was  bottomed.  The  hole 
was  filled  with  gravel,  but  no  pay  was  obtained.  The  pay 
stratum  was  found  to  be  on  a  level  with,  and  a  continua- 
tion of,  the  pay  stratum  of  the  rest  of  the  claim.  On  the 
other  hand,  at  the  Chesnau  and  French  Hill  claims  when- 
ever these  hollows  are  found  a  large  yield  of  gold  is  in- 
variably obtained. 

The  experience  of  miners  in  the  gold-fields  of  Victoria 
has  led  to  the  conclusion  that  "  in  large  auriferous  rivers 
gold  is  always  found  on  the  bars  or  points,  and  not  in 
the  deep  pools  or  bends."  In  substantiation  of  this  are 
cited  Reid's  Creek,  Woolshed,  Twist's  Fall,  Yackandanah 
near  Osborne's  Flat,  and  Rowdy  Flat  ;  at  each  of  these 
jjlaces  large  holes  were  cleaned  out  and  only  a  few  colors 
obtained,  while  shallow  flats  immediately  below  them  were 
very  rich.* 

in  gulch-mining  it  sometimes  happens  that  from  the 
position  of  the  bed-rock  the  detrital  accumulations  assume 
the  form  of  reclining  cones,  the  apex  reposing  upon  the 
top  of  the  hill.  Where  such  is  the  case  the  bulk  of  the 
gold  is  concentrated  in  the  lower  end  of  the  deposit. 
These  gulches  are  frequently  found  to  be  exceedinglv 
rich. 

These  facts  are  cited  mcrelv  as  an  explanatory  outline 
of  the  subject,  and  to  shf)w  why  a  system  of  sluicing 
should  be  adopted  which  bottoms  the  entire  deposit. 

EXAMPLES    OF   THE    COMPARATIVE  VALUES  OF  THE  DIF- 
FERENT GRAVEL  STRATA. 

North  Bloomfleld. — To  ascertain  the  comparative 
value  of  the  gravel  strata  at  Malakoff,  Nevada  County,  on 
the  ground  of  the  North  Bloomfield  Mining  Company,  a 
series  of  tests  was  made  of  the  dirt  extracted  from  a  shaft 
sunk,  two  hundred  and  seven  feet  deep,  in  the  channel. 
The  first  one  hundred  and  twenty  feet  from  the  surface 


•  "  Gold-Fields  and  Mineral  Districts  of  Victoria,"  p.  134. 
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contained  a  large  number  of  very  tine  colors  to  the  pan, 
but  of  inconsiderable  weight.  The  gravel  from  the  re- 
maining eighty-seven  feet,  sunk  to  the  bed-rock,  contained 
coarser  and  heavier  gold,  the  last  eight  feet  averaging 
from  5  to  20  cents  per  pan.  Drifts  opened  from  the  bot- 
tom of  this  shaft  were  s3-stematicallv  sampled  and  com- 
pared with  equal  quantities  taken  from  the  layers  of  the 
upper  bank.  The  several  samples  aggregated  two  and  a 
half  tons,  all  of  which  were  panned  out  carefuUv  in  two 
hundred  and  forty  tests  ;  and  the  results  obtained  showed 
that  the  blue  or  lower  gravel  stratum  contained  $1  50  per 
ton,  while  the  white  or  upper  gravel  gave  a  large  number 
of  fine  colors,  but  of  insignificant  weight. 

From  1870  to  1874  the  North  Bloomfield  Mining  Com- 
pany washed  three  and  one-quarter  million  cubic  yards  of 
top  gravel,  which  yielded  only  2.9  cents  per  cubic  yard 
and  a  gross  profit  of  $2,232  84.  In  1877  a  rough  estimate 
was  made  of  the  comparative  yield  of  the  upper  and  lower 
gravel  washed  during  the  year.  The  top  gravel  was 
assumed  to  be  from  a  lew  feet  to  over  two  hundred  feet 
deep,  and  the  bottom  gravel  sixty-five  feet  deep. 

The  results  obtained  were  that  1,591,730  cubic  yards 
of  top  gravel  yielded  3.8  cents  per  cubic  yard,  and  702,- 
200  cubic  yards  of  bottom  gravel  returned  32.9  cents  per 
cubic  vard. 

Patricksville  Lij^ht  Claim. — To  investigate  more 
thoroughly  the  question  a  test  of  top  and  bottom  gravel 
was  made  at  the  Light  claim,  Patricksville :  58,340  cubic 
yards  of  top  gravel  yielded  $1,200,  or  2  cents  per  cubic 
yard.  The  bottom  gravel  (four  feet  deep)  was  then 
washed,  when  it  was  disco\ered  that  two-thirds  of  this 
gravel  had  been  drifted  extensivel}-  ;  but  notwithstand- 
ing this  fact  4.966  cubic  yards  yielded  $2,775  O/-  o""  55 
cents  per  cubic  yard. 

La  Grange  Light  Claim. — A  trial  of  top  dirt  was 
also  made  at  the  Light  claim,  La  Grange:  41.038  cubic 
yards  of  top  dirt  yielded  $1,500,  or  3.7  cents  per  cubic 
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yard.  The  ground,  in  both  of  the  last  mentioned  in- 
stances, was  surveyed  and  the  returns  per  cubic  yard  are 
as  accurate  as  it  is  practicable  to  obtain. 

Polar  Star  Mine. — In  the  appendix  to  the  "  Aurife- 
rous Gravels  of  the  Sierra  Nevada  of  California,"  Pro- 
fessor W.  H.  Pettee  estimates  the  value  of  the  top  gravel 
at  the  Polar  Star  Mine  to  be  about  ii  cents  per  cubic 
yard,  and  at  Quaker  Hill  the  yield  of  the  top  gravel  is 
supposed  to  approximate  6  cents  per  cubic  yard.  The 
yield  of  the  bottom  gravel,  however,  is  not  given,  and  the 
estimates  of  the  upper  gravel  are  approximates  based  on 
the  statements  of  others,  and  not  the  results  of  accurate 
detailed  surveys. 


CHAPTER  V. 


AMOUNT   OF   WORKABLE  GRAVEL   REMAINING  IN 
CALIFORNIA. 

The  quantity  of  auriferous  gravel  remaining  on  the 
Hanks  of  the  Sierra  Nevada  is  very  great,  but  necessarily 
the  amount  available  lor  h)  draulic  mining  is  limited. 

Miuiiuuiii  Pay  Viehl. — The  minimum  yield  per 
cubic  yard  of  material  which  can  be  mined  profita- 
bly, must  be  considered  in  determining  the  extent  of 
workable  deposits.  This  cannot  be  stated  in  advance 
without  a  knowledge,  in  any  given  case,  of  the  other 
factors  :  as  area  of  ground,  character  and  depth  of  deposit, 
facilities  for  working  and  dump,  supply  and  cost  of  water, 
price  of  labor  and  amount  of  capital  invested.  In  certain 
localities,  even  under  very  disadvantageous  circumstan- 
ces,  it  has  paid  to  work  gravel  yielding  only  four  cents 
per  cubic  yard ;  and  Mr.  Skidmore  states  that,  within  his 
personal  knowledge,  a  claim  near  Iowa  Hill,  Placer  Coun- 
ty, in  1879  P'l'd  "a  fair  profit"  when  the  product  was 
only  three  cents  per  cubic  yard. 

With  an  abundance  of  cheap  water,  four  per  cent, 
grades,  good  dump,  banks  of  light  gravel  one  hundred 
and  fifty  feet  in  height  and  over,  a  large  area  of  ground, 
labor  at  one  dollar  per  diem,  and  good  management,  the 
total  running  expenses  ought  not  to  exceed  three  cents  per 
cubic  yard  at  the  present  time,  and  with  present  methods. 
Therefore  under  these  conditions  gravel  yielding  more 
than  three  cents  per  yard  ought  to  [)ay  a  greater  or  less 
rate  of  interest  on  the  capital  invested  in  the  purchase  of 
the  claim  and  water  rights,  the  building  of  necessary 
ditches,  flumes,  pipes,  etc.,  and  in  the  other  appliances 
requisite  for  commencing  active  operations. 
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The  reports  of  the  State  Engineer  of  CaH'fornia  (1880) 
and  of  Lieut.-Col.  Mendell,  U.  S.  A.  (1882),  give  the  fol- 
lowing data  of  the  estimated  amounts  of  workable  gold 
deposits  remaining  along  the  rivers  of  the  principal  hy- 
draulic region  on  the  west  flank  of  the  Sierra  Nevada  in 
California : 

Cub.  yds.  of  Gravel. 


The  Upper  and  Lower  Feather,  large  amounts   Unestimated. 

The  Yuba  and  its  tributaries,  about   700,000,000 

The  Bear       "           "            "    50,000,000 

The  American            "            "    75,000,000 

The  Cosumnes,  principally  at  Hill  Top,  from  11,000,- 

000  to  12,000,000,  say   11,500,000 

The  Mokelumne,  enormous  amounts,  but  not  favor- 
ably situated   Unestimated. 

The  Calaveras,  upper  portion   Unestimated. 

"  "        lower  portion,  principally  at  Jenny 

Lind   22,500,000 

The  Stanislaus   Unestimated. 

The  Tuolumne,  large  amounts   Unestimated. 


"  The  quantity  of  auriferous  gravel  now  remaining  on  the  flanks  of  the 
Sierra  Nevada  is  practically  unlimited.  Only  a  comparatively  small  portion 
of  the  whole  can  be  regarded  as  workable  under  existing  conditions."  *  _ 

Since  Mr.  Hague's  report  upon  Eureka  Lake  proper- 
ty (1876),  wherein  it  is  stated  that  the  quantity  to  be 
mined  between  the  Yubas  was  700,000,000  cubic  yards 
(roughly  estimated),  explorations  have  proven  that  this 
estimate  is  too  large.  It  is  true  that  there  was  that  quan- 
tity of  gravel,  and  perhaps  more,  in  that  locality.  But 
since  then  a  quantity,  possibly  exceeding  100,000,000  yards, 
has  been  mined  out,  and  the  result  of  the  work  has  prov- 
en that  a  portion  of  this  gravel  channel  can  never  be 
mined  profitably,  for  the  reasons,  ist,  that  it  is  capped 
with  lava  and  cannot  be  hydraulicked,  and  it  will  not  pay 
to  drift ;  and,  2d,  another  portion  is  so  situated  that  it 
is  impossible  to  drain  it,  or  it  is  too  far  from  the  streams 
to  dispose  of  the  debris.  It  is  now  estimated  that  not 
more  than  400,000,000  cubic  yards  of  gravel  remain  here 
available  for  washing. 

•  Reporl  on  Mining  Debris  in  Cal.  Rivers,  by  Lieut.-Col.  G.  H.  Mendell,  U.S.A.,  p.  35. 
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THE  DIFFERENT   METHODS  OF  MINING  GOLD-PLACERS. 

The  gold  alluvions  occur  in  many  different  forms  : 
in  river  channels,  in  basins  and  on  flats,  as  surface  de- 
posits of  sand  and  gravel,  or  as  accumulations  of  detritus 
(consisting  of  clay,  sand,  gravel,  pebbles,  and  boulders  of 
all  sizes)  covered  with  varying  thicknesses  of  lava  and 
other  volcanic  products. 

3Iiners'  Classification  of  Deposits. — Miners  clas- 
sify the  deposits  in  various  ways,  according  to  their  mode 
of  occurrence  and  topographical  position,  and  according 
to  the  mming  svstems  employed  in  working  them.  The 
term  "  shallow  placers "  is  applied  to  deposits  whose 
depth  varies  from  a  few  inches  to  several  feet,  to  dis- 
tinguish them  from  "  deep  placers,"  which  often  cover 
large  areas  and  have  a  depth  varying  from  one  hundred 
to  several  hundred  feet. 

"  Hill  Claims,"  or  deposits  of  gravel  on  hills  ;  "  Bench 
Claims,"  or  placers  occurring  in  bench  form  on  declivi- 
ties and  above  the  level  of  existing  rivers ;  "  Gulch  Dig- 
gings," found  in  gulches  and  ravines;  "  Flat  Deposits."  on 
small  plains  or  flats  ;  "  Bar  Claims,"  or  bars  of  sand  and 
gravel  on  the  sides  of  streams,  generallv  above  the  water- 
level  :  and  "  Beach  Sands,"  or  the  auriferous  sands  of  the 
sea-shore,  are  terms  in  common  use,  as  well  as  the  names 
"sluice,"  "  drift."  and  "  hvdraulic  "  diggings. 

Classification  of  Mining  Operations. — The  min- 
ing methods  m  common  use  mav  be  divided  into  two 
general  classes — viz.,  Surface-Mining  and  Deep-Mining. 
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SURFACE-MINING. 

This  term  may  be  applied  to  tlie  operations  on  the  shal- 
low placers  from  which  in  early  days  large  returns  have 
been  obtained,  but  which  from  their  nature  are  of  a  tran- 
sient character,  and  in  California  are  no  longer  in  use 
to  any  great  extent. 

Under  this  head  will  be  treated  the  methods  of  Dry- 
Washing,  Beach-Mining,  River  or  Bar  Mining,  Ground- 
Sluicing,  and  Booming. 

Dry-Washiiig. — Dry-washing  was  carried  on  in  the 
early  days,  principally  by  Mexicans,  in  those  localities 
where  water  could  not  be  obtained.  The  Mexican  meth- 
od consisted  in  pLilverizing  selected  rich  dirt,  thoroughlv 
drying  it,  and  then  working  it  in  a  batea.  The  earthy 
portions,  by  a  circular  motion  given  to  the  disk,  were 
separated  from  the  gold,  which  remained  behind.  The 
gold  was  also  extracted  by  winnowing.  Of  late  years 
various  machines  have  been  invented  and  used  from  time 
to  time,  but  necessarily  their  application  is  limited. 

Beach-Mining. — In  various  places  along  the  Pacific 
coast,  principally  between  Cape  Mendocino  in  California 
and  the  Umpqua  River  in  Oregon,  the  beach  sands  have 
been  found  to  contani  gold  and  have  been  worked  to  a 
limited  extent.  The  first  discovery,  which  for  a  time 
caused  great  excitement,  was  made  in  1850  at  Gold  Bluff, 
south  of  the  mcjuth  of  the  Ivlamath  River. 

The  gold  occurs  in  a  finely  divided  state,  in  layers 
(sometimes  one  or  two  feet  deep)  of  magnetic  iron  sand, 
which  by  the  concentrating  action  of  the  waves  and  tide 
is  separated  from  the  lighter  quartz  sand.  Bv  the  wash 
of  the  water  the  auriferous  layers  are  sometimes  exposed 
and  sometimes  covered  by  the  non-auriferous  material. 

With  the  gold  platinum  is  found.  The  fragments  of 
the  platinum  are  more  compact  and  less  flattened  than  the 
gold  particles,  which  are  of  leaf-like  form  and  of  nearly 
the  same  diameter  as  the  magnetic-iron  grains,  from  which 
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they  are  separated  only  with  difficulty  by  the  present  pro- 
cess of  washing. 

S.  B.  Christy  found  that  the  gold  amalgamates  easily, 
but  that  the  finer  particles,  when  once  allowed  to  dry, 
seem  to  become  covere'd  with  a  film  of  air  and  to  float 
readily  on  subsequent  immersion  in  water. 

Prof.  J.  D.  Dana  considers  that  these  deposits  date 
from  the  close  of  the  Glacial,  and  partly  from  the  latter 
half  of  the  Champlain  period. 

As  the  tides  continually  alter  the  position  of  the  ex- 
posed auriferous  layers,  it  is  necessary  to  prospect  every 
day  lor  the  richest  spots,  which  are  generally  covered  at 
high  water.  At  low  tide  the  miners  proceed  to  the  locali- 
ties selected,  scrape  up  the  thin  gold-bearing  strata,  and 
transport  the  material  to  the  washing  place.  The  wash- 
ing is  generally  done  in  sluiccs,  to  which  are  attached 
various  gold-saving  contrivances. 

It  is  claimed  tliat  much  of  the  sand  assays  from  $io  to 
$30  per  ton,  and  that  very  large  amounts  assay  from  $5  to 
$10,  only  a  part  of  which,  however,  is  saved.  Skidmore 
states  that  the  variable  character  of  the  sands  prevents 
beach-mining  enterprises  from  being  carried  on  success- 
fully for  any  length  of  time. 

Bar  aud  River  — In  early  days  river-min- 

ing was  extensively  carried  on.  The  disc()vtr\-  ol  rich 
bars  caused  many  excitements.  It  led  to  the  rapid  ex- 
ploration and  settlement  of  large  areas  of  country,  and 
was  generally  the  first  step  towards  opening  up  the  gold- 
mining  regions. 

The  portions  of  the  bars  above  water-level  being  soon 
exhausted,  the  miners'  attention  was  naturally  led  to  the  ex- 
ploration ol  the  parts  under  water.  Streams  were  dammed 
and  turned  into  new  channels,  often  at  enormous  costs 
and  risks.  The  beds  of  rivers  for  considerable  distances 
we;"e  laid  bare  while  the  miner  worked  his  claim.  This 
class  of  mining,  apart  from  the  danger  arising  from  floods 
and  breaking  of  dams,  had  in  it  a  factor  of  uncertainty — 
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na  n^ly,  the  value  of  the  claim,  which  could  only  be  ascer- 
tained after  all  the  principal  expenses  had  been  incurred. 
The  losses  in  many  instances  were  very  large,  but  in  other 
cases  the  gains  obtained  in  a  short  time  were  so  enormous 
as  to  throw  around  this  class  of  work  a  fascination  which 
induced  many  to  engage  in  it. 

To  obviate  tlie  necessity  of  turning  the  rivers  out  of 
their  channels  dredging  machines  have  been  built  and 
u.sed  ;  and  the  plan  of  sinking  shafts  on  the  banks  and  tun- 
nelling (drifting;  under  the  surface  of  the  bed  has  been  sug- 
gested. Projects  for  working  the  river  channels  (always 
supposed  to  contain  enormous  stores  of  hidden  wealthj 
are  still  proposed  from  time  to  time,  but  actual  operations 
are  not  common. 

Grouiid-Sluiciug;.  —  Ground-sluicing  consists  in 
treating  the  gold-bearing  gravel,  which  is  excavated  by 
pick  and  shovel,  by  washing  it  in  trenches  cut  in  the 
bed-rock.  It  is  similar  to  hydraulic  mining,  except 
that  the  water  is  not  used  under  pressure  and  often  no 
wooden  sluices  are  used  below  the  trenches,  the  rough 
natural  rock  serving  for  riffles.  The  li<rhter  material  is 
removed  by  means  of  the  water,  while  the  heavier  dirt 
remaining  behind  is  collected  and  worked  in  rockers. 
This  process  of  gold-washing  was  carried  on  by  the 
Romans  in  the  early  part  of  the  Christian  era. 

Cooiuing'. — Booming  is  simply  ground-sluicing  on  a 
large  scale,  the  only  difference  being  that  instead  of  wash- 
ing the  gravel  by  means  of  a  continuous  stream  of  water, 
the  contents  of  the  entire  reservoir  are  discharged  at  once 
and  all  the  material  which  has  been  collected  below  it  is 
swept  into  the  sluices.  The  rush  of  the  water  carries  off 
the  boulders  and  dirt,  leaving  behind  the  heavy  particles 
of  gold  and  magnetic  iron  sands,  which  are  collected  on 
bed-rock  floors.  Booming  has  been  extensively  practised 
in  California,  Idaho,  Montana,  and  Colorado.  The  re- 
q\iircments  for  this  kind  of  gold-mining  are  a  iiafificiently 
large  reservoir  convenient!)-  situated  above  the  gravel  de- 
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posit,  and  a  dam  for  storing  the  water,  so  arranged  that 
flood-gates  can  quickly  discharge  the  entire  contents  of 
the  reservoir  without  damage  to  the  dam. 

Pliny,  in  his  "  Natural  History,"  speakmg  of  gold- 
washing,  says:  "When  they  have  reached  the  head  of 
the  fall,  at  the  very  brow  of  the  mountain,  reservoirs  are 
hollowed  out  a  couple  of  hundred  feet  in  length  and 
breadth,  some  ten  feet  in  depth.  In  these  reservoirs  there 
are  generally  five  sluices  left,  about  three  feet  square,  so 
that  the  moment  the  reservoir  is  filled  the  flood-gates  are 
struck  away,  and  the  torrent  bursts  forth  with  such  a 
degree  of  violence  as  to  roll  outward  anv  fragments  of 
rock  which  may  obstruct  its  passage.  When  they  have 
reached  the  level  ground,  loo,  there  is  still  another  labor 
that  awaits  them  :  trenches,  known  as  '  agogae,"  have  to 
be  dug  for  the  passage  of  the  water,  and  these,  at  regu- 
lar intervals,  have  a  layer  of  silex  placed  at  the  bottom. 
This  silex  is  a  plant  like  the  rosemary  in  appearance,  rough 
and  prickly,  and  well  adapted  for  arresting  any  pieces  of 
gold  that  may  be  carried  along.  The  sides,  too,  are 
closed  in  with  planks,  and  are  supported  by  arches  when 
carried  over  steep  and  precipitous  spots.  The  earth,  car- 
ried onwards  by  the  stream,  arrives  at  the  sea  at  last,  and 
thus  is  the  shattered  mountain  washed  away — causes  which 
have  greatly  tended  to  extend  the  shores  of  Spain  by 
these  encroachments  on  the  deep." 

DEEP- MINING. 

The  two  principal  methods  of  Deep-Mining  are  Drift- 
ing and  Hvdraulicking. 

Drifting.— Gold  is  often  mined  in  deep  deposits  by 
means  of  tunnels  and  drifts.  This  is  styled  drift-mining, 
which,  as  a  rule,  is  resorted  to  only  in  those  districts 
where  the  deposits  are  covered  by  an  overflow  from  vol- 
canic sources,  though  in  many  instances  the  bottom  stra- 
tum (sometimes  intermediate  strata)  has  been  drifted  out 
ot  banks  not  capped  with  lava. 
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Drifting  presupposes  the  concentration  of  the  precious 
metal  in  a  well  deiined  stratum  or  channel.  This  method 
has  been  extensively  employed  in  many  parts  of  Califor- 
nia, particularly  in  Placer,  Sierra,  and  Plumas  counties. 

Where  a  pay  channel  has  been  found,  or  is  surmised 
to  exist,  a  tunnel  is  driven  to  develop  it.  This  tunnel 
must  be  run  in  such  a  manner  as  to  drain  all  parts  of  the 
mine,  and  its  location  is  thereff)re  a  matter  of  the  greatest 
importance.  Before  commencing  such  a  work,  which 
may  require  years  for  its  completion  and  cost  large  sums 
of  money,  every  precaution  should  be  taken  to  ascer- 
tain the  exact  position  of  the  channel.  Want  of  know- 
ledge on  this  point  has  caused  disastrous  failures  in  but 
too  many  cases. 

As  the  channel  can  often  be  found  only  by  means  of 
tunnels,  the  risk  of  undertaking  drift-mining  is  apparent. 
In  those  fortunate  instances  in  which  the  channel  is  dis- 
closed on  the  surface  and  rises  as  it  enters  the  hill,  the 
tunnel  is  run  along  its  bed,  partially  in  the  bed-rock. 
Otherwise  the  tunnel  is  driven  below  the  channel  or 
through  the  rim-rock,  being  located  with  such  a  grade 
that  the  deepest  part  of  the  workings  will  be  above  it. 

In  some  claims  shafts  have  been  sunk  and  the  gravel 
drifted  out  has  been  raised  through  these  shafts  to  the 
surface.  This  method  is  quite  common  in  Australia,  but 
comparatively  rare  in  California. 

When  a  tunnel  has  been  properly  located  and  the 
channel  opened,  drifts  are  run  through  the  pay  gfround 
on  both  sides  and  the  material  is  breasted  out  regular- 
ly, timbering  being  employed  as  the  work  may  require. 
Shafts  must  sometimes  be  raised  to  the  surface  for  the 
sake  of  ventilation. 

The  gravel  is  removed  through  the  tunnel  by  means 
of  a  tramway  and  carried  to  the  mouth,  where  it  is 
dumped  on  floors  and  then  washed  in  the  sluices.  When 
too  firmly  cemented  to  be  broken  up  by  sluicing,  the 
gravel  is  crushed  under  stamps. 


84 


DlKKKkKM    MKIUODS  Ot  MININC, 


One  of  the  most  noted  drift-mines  in  the  State  is  the 
Bald  Mountain,  Sierra  County,  where  there  is  every  fa- 
cility for  economical  working.  There  steam  locomotives 
are  used  for  transporting  men  and  material  through 
the  tunnel,  which  is  over  one  and  one-fourth  miles 
long. 

The  following  sketches  of  the  workings  of  the  Sunny 
South  Mine,  in  Placer  County,  will  give  a  general  idea  of 
the  method  of  drift-mining.  At  this  place  the  main  tun- 
nel is  below  the  channel,  allowing  the  mine  to  be  opened 
and  worked  in  a  very  convenient  manner. 

Drifting  was  at  one  time  the  most  extensivel}'  used 
method  of  deep  mining,  and  through  it  a  very  large 
amount  of  information  has  been  obtained  as  to  the  nature 
of  the  ancient  river  channels. 

s  Hydraulic  Mining. — Hydraulic  nvning  is  that  meth- 
od of  gold-mining  in  which  the  ground  is  excavated  by 
means  of  water  discharged  against  it  under  pressure  (hy- 
draulicked). 

The  term  in  its  limited  sense,  as  generally  applied,  pre- 
supposes the  existence  of,  ist,  water,  in  sufficient  quan- 
tity, which  can  be  used  under  pressure  for  mining;  2d, 
gravel  deposits  containing  gold  which  can  be  worked  pro- 
fitably by  the  a]>plication  of  water  in  the  manner  above 
mentioned. 

Origin  in  Calilornia.  The  application  of  the 
science  of  hydraulics  to  the  mining  of  aurilen)us  gra- 
vels originated  in  California.  The  pressing  necessit}-  of 
a  more  economical  process  of  gold-washing  became  evi- 
dent as  the  rich  surface  deposits  were  exhausted,  and  led 
to  the  adoption  of  this  method,  which  was  favored  by  the 
topography  of  the  country. 

Hydi'aulic  vs.  Drift  Mining. — Deep  placers,  if  sutih 
ciently  rich,  can  be,  and  for  various  reasons  generally  are, 
worked  by  drifting.  But  the  results  of  actual  practice 
in  Nevada  County  and  elsewhere  demonstrate  that  hy- 
liraulic  mining,  compared  with  drifting,  employs  twice 


DIFFERENT  METHODS  OF  MINING. 


the  number  of  men  and  extracts  four  to  six  times  the 
amount  of  gold  per  lineal  foot  of  channel. 

The  yield  of  the  North  Bloomfield  channel  by  drifting 
has  been  $150  per  lineal  foot  of  channel,  while  hydraulick- 
ing  the  entire  deposit  in  this  locality  has  given  a  yield  of 
$750  per  foot. 

Requirements  for  Financial  Success. — From  a 
financial  point  of  view  it  is  essential  for  profitable  hy- 
draulic mining  that  there  shcjuld  be  ample  facilities  for 
grade  and  dump  and  a  sufficient  head  and  an  abundant 
supply  of  cheap  water,  all  of  which  requirements  vary  in 
importance  inversely  with  the  richness  and  extent  of  the 
gravel.  Economical  management  may  be  considered  in 
all  classes  of  mining  a  sine  qua  non  to  success :  but  it  is 
especially  requisite  here,  as  the  value  of  this  method  is 
based  on  the  great  facility  with  which  profitable  results 
can  be  obtained  at  trifling  cost  from  expeditiously  and 
skilfully  washing  vast  areas  of  ground  which  contain  rela- 
tively insignificant  amounts  of  precious  metal. 

Strictly  speaking,  in  hydraulic  mining,  water  does  all 
the  work,  but  in  the  application  of  this  process  to  the 
washing  of  cemented  gravel  and  masses  of  volcanic  pro- 
ducts, it  has  been  found  that  water  alone  has  little  effect 
on  banks  composed  of  such  material,  and  to  overcome 
this  difficulty  recourse  is  had  to  blasting  in  order  to 
shatter  the  bank  before  water  can  be  advantageously  em- 
ployed. 
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PRELIMINARY  INVESTIGATIONS. 

In  the  investigation  of  all  hy  draulic-mining  enterprises 
the  first  problem  which  presents  itself  to  the  engineer  is 
the  ascertaining  of  the  value  of  the  gravel  deposits.  This 
involves  the  determinmg  of  the  course  of  the  channel ; 
the  depth  and  position  of  the  bed-rock,  generally  covered 
by  hundreds  of  feet  of  detritus;  the  available  area  for 
washing;  and  the  estintates  of  the  yield  of  the  ground, 
with  the  calculations  of  the  cost  of  the  work.  Accurate 
information  on  these  points  is  necessary.  But  without 
the  assistance  of  underground  explorations  few  of  them 
can  be  definitely  determined.  A  study  of  the  geology 
and  topography  of  the  deposit  and  of  its  surroundings 
aids  in  determining  the  course  of  the  channel,  the  depth 
of  the  bed-rock,  and  the  facilities  for  dump.  The  value 
of  the  gravel  can  be  approximated  bv  sinking  small  pits, 
washing  the  material  obtained  from  them  and  from  such 
other  places  as  good  judgment  dictates. 

Where  the  prosecution  of  an  enterprise  involves  the 
expenditure  of  large  sums,  it  is  advisable  to  thoroughly 
explore  the  ground  bv  means  of  prospecting  shafts  and 
drifts.  Should  the  results  vjf  this  work  warrant  the  opin- 
ion that  the  ground  would  pay  to  hydraulic,  then  the 
water-supply  and  the  facilities  for  dump  should  be  accu- 
rately determined,  w'th  close  estimates  of  the  costs. 

Indications. — The  colors  red  and  blue,  with  their 
varying  shades,  as  seen  in  gravel  deposits,  are  generall}' 
considered  by  miners  to  be  good  indications  of  gold  in  the 
different  localities.  While  it  is  true  that  these  different 
colored  sands  often  accompany  gold,  it  bv  no  means  fol- 
lows that  gold  always  accompanies  them. 

Ferruginous  colored  spots,  so  well  marked  in  "upper 
or  toj)  gravel,"  are  not,  as  a  rule,  so  productive  of  gold  in 
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California  as  tliev  are  ,<^enerallv  found  to  be  in  the  Ural 
Mountains. 

A  black  sand,  composed  chiefly  of  glancing  grains  of 
magnetic  iron,  generally  accompanies  the  precious  metal, 
though  it  occurs  also  without  it. 

Dr.  T.  Sterr\'  Hunt,  speaking  of  the  impressions  which 
prevail  in  reference  to  the  presence  of  black  sand  in  auri- 
ferous alluvions,  very  appropriate!)' remarks  that  "similar 
black  sand  residues,  consisting  chiefly  of  various  ores  of 
iron  (sometimes  oxide  of  tin  and  other  minerals),  may  be 
obtained  from  the  washing  of  almost  all  sands  and  gra- 
vels derived  from  crystalline  rocks,  and  the  occurrence  of  a 
black  sand,  therefore,  in  no  way  indicates  the  presence  of 
gold.  When,  however,  this  metal  is  present  in  gravel, 
it,  from  its  great  weight,  remains  behind  with  the  black 
sand  and  dense  matters  in  the  residue  after  washing."* 

Explorations  at  Malakotf. — The  explorations  of 
the  North  Bloomfield  Company  furnish  a  remarkable 
instance  of  the  extent  to  which  preliminary  work  has 
been  successfully  carried  on.  To  determine  the  value  of 
their  claims  and  the  feasibility  of  working  them,  four 
prospect  shafts  were  sunk  to  ascertain  the  value  of  the 
gravel,  the  position  of  the  channel,  and  the  depth  to  the 
bed-rock.  No.  i  shaft  struck  the  bed-rock  of  the  main 
channel  at  a  depth  of  two  hundred  and  seven  feet,  one 
hundred  and  thirtv-five  feet  of  which  was  in  blue  gra- 
vel averaging  41  cents  per  cubic  yard.  Drifts  were 
driven  from  the  bottom  of  this  shaft  a  distance  of  twelve 
hundred  feet  on  the  course  of  the  channel,  the  width  of 
which  was  estimated  at  five  hundred  feet.  The  ag- 
gregate length  of  the  channel  explorations  was  over  two 
thousand  feet.  The  samples  of  the  various  drifts  indicat- 
ed a  value  of  $2.01  per  cubic  yard.  The  actual  yield  of 
21,614  tons  of  gravel  e.xtracted  from  these  drifts  was  $33.- 
053.69,  or  $1.53  per  ton,  or  about  $2.75  per  cubic  yard. 

The  gross  cost  of  the  entire  prospecting  work,  includ- 
ing the  four  shafts,  was  $63,956.20. 

•  "  Geological  Survey  of  Canada,  Report  of  Progress,  i86j-«6,"  o.  36. 
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SECTION  OF  SHAFT  NO,  1. 

MALAKOFF 

NORTH  BLOOMFIELD  GRAVEL  MINING  CO. 
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ISO- 
Figures  vTithln  the  Shaft 
inclicatu  the  number  of 
colors  to  the  pan,  every  testllO. 
made  from  120  dowu  is 
here  recorded. 
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Culur  f.»mi.l  \n  moBt  every  f 
111  Ihi3  top  gravel. 


Blue  Oravel:  fi*om  top  dovm  for  60  feet, 
avuruijed  about  10  colors  to  the  pan. 


Streaks  of  Clay  through 
Gravel,  thickest  8  inches. 


Gold  very  fiii«  until  green  gravvt  waa  ■trucw 


Ucru  soft  and  aaudy. 

JluvU  quartz. 

I'ipe  clay  disappeared. 

Ilt-ri;  appeared  a  little  Cement. 


Gravel 
Gold 


Lne  Cement- 

striking  green  GraveU 


Here  much  Cement 


Thin  strata  of  sand 


Last  8  feet.  5  to  '20  cents  to  the  pan 


Fig.  2. 


CHAPTER  VIII. 


RESERVOIRS  AND  DAMS. 
STORAGE  RESERVOIRS. 

Sources  of  Water-Supply.— Running  streams,  melt- 
ing snows  and  rains  are  tlic  sources  from  which  the  min- 
ing districts  derive  their  water-supply.  The  altitudes  of 
the  gravel  deposits,  two  hundred  to  fifty-five  hundred 
feet  above  the  sea-level,  necessitate  the  bringing  of  the 
water  from  still  greater  elevations  nearer  the  sources  of 
the  streams.  The  supply  from  these  streams  is  not  always 
sufficient.  Towards  the  end  of  winter  and  during  the 
spring  months,  while  the  mountains  are  still  covered  with 
deep  snow,  rains  and  temperate  weather  cause  sudden 
and  rapid  thawing,  and  enormous  volumes  of  water  are 
then  discharged  from  the  manv  water-sheds  on  the  west 
flank  of  the  Sierra  Nevada  into  the  Great  Valle)-  of  Cali- 
fornia, and  freshets  are  of  quite  common  occurrence.  To 
make  this  supply  of  water  available,  storage  reservoirs 
have  been  constructed  by  some  of  the  large  hydraulic- 
mining  companies. 

The  dry  season  in  California  is  from  Mav  to  Novem- 
ber, but  the  streams  do  not  run  dr)-  until  the  middle  of 
June  or  Julv. 

Requirements  for  Sites. — The  principal  storage 
reservoirs  in  the  State  are  situated  at  elevations  of  five 
thousand  to  seven  thousand  feet  above  the  sea-level.  The 
location  of  a  proper  site  for  a  storage  reservoir  is  of  para- 
niDunt  importance.  In  selecting  a  site  especial  attention 
must  be  paid  to  the  following  jjoints : 

(i)  A  proper  elevation. 

qo 


RESERVOIRS. 


91 


(2)  The  water-supply  from  all  creeks  and  springs,  and 
the  catchment  area. 

(3)  The  amount  of  rain  and  snowfall. 

(4)  The  formation  and  character  of  the  ground,  with 
especial  reference  to  the  amount  of  absorption  and  eva- 
poration. 

All  of  these  points  must  be  thoroughly  investigated  and 
determined.  It  is  supposed  that  the  catchment  area  has 
been  ascertained,  and  that  it  is  sufficiently  large  for  its 
minimum  discharge  to  supply  all  requirements. 

Elevation. — The  elevation  of  a  reservoir  depends 
upon  the  location  of  the  mines  and  the  altitude  and  ex- 
tent of  the  country  which  it  is  proposed  to  cover  with  the 
ditch.  The  reservoir  should  be  located  below  the  snow 
belt  wherever  possible,  and  so  situated  as  to  obtain  the 
largest  water-supply  from  the  catchment  area. 

Streams. — All  the  streams  should  be  gauged  carefully 
to  determine  the  minimum  and  the  average  suppl}-. 

Rainfall. — In  new  and  unexplored  localities  the  wa- 
ter-supply due  to  rainfall  can  be  determined  only  by  ac- 
tual measurement.  It  cannot  be  too  earnestly  impressed 
upon  the  engineer  that  for  all  such  information  he  must 
depend  on  his  own  observations,  which  in  some  cases  may 
require  a  prolonged  stay  of  a  season  or  more  in  the  field. 
Under  any  circumstances  rainfall  data  cannot  be  relied 
upon,  unless  based  on  many  decades  of  observation. 

The  rainfall  is  alwavs  greater  in  mountain  districts 
than  in  the  lowlands.  It  is  greatest  on  the  slopes  facing 
the  direction  from  which  the  moist  winds  blow.  Definite 
data  of  the  rainfall  of  any  catchment  area  can  be  obtained 
only  by  establishing  rain  gauges  at  different  points,  where 
the  observations  should  be  made  daily  during  the  season. 

Snowfall. — The  measurement  of  the  snowfall  must 
be  taken  on  a  level,  and  a  given  amount  of  snow  reduced 
to  water  and  calculated  for  rain. 

Absorption  and  Evaporation.  —  In  reference  to 
the  ground,  the  most  desirable  formation  is  that  of  com- 
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pact  rocks,  like  granite,  gneiss,  or  slates.  Localities  where 
the  formation  consists  of  porous  rocks,  sandstones  or 
limestones,  are  not  desirable  on  account  of  the  great  loss 
from  absorption. 

Steep  and  denuded  slopes  are  always  the  best,  as  but 
little  water  will  escape.  The  greatest  slope  will  give  the 
largest  as'ailablc  quantity  of  water.  The  conhguration 
of  the  ground  influences  and  affects  evaporation,  and 
vegetation  causes  a  large  amount  of  absorption.  The 
losses  due  to  absorption  and  evaporation  are  reduced  to  a 
minimum  where  the  site  of  a  reservoir  is  in  a  compact 
formation  with  steep  sides,  and  the  surface  area  is  conse- 
quently small.  Evaporation  varies  with  the  season  of  the 
year  and  the  weather  (being  most  active  in  summer),  while 
percolation,  depending  on  the  soil,  varies  from  year  to 
year.  Percolation  is  greatest  during  melting  of  snows, 
and  especially  when  a  thaw  follows  small  falls  of  snow. 
From  reliable  experiments  made  in  France  and  England, 
the  ratio  of  evaporation  to  rainfall  was  determined  (1839 
to  1852)  in  the  former  to  have  been  76.57  per  cent.,  and  in 
the  latter,  subsequcntl}',  77. 27  per  cent.* 

Finally,  it  must  be  added  that  the  rule  for  estimating 
the  total  quantit)-  available  for  storage  varies  in  different 
districts.  In  some  localities  two-thirds  of  the  total  amount 
is  estimated  to  be  serviceable,  and  in  others  one-third. 
At  the  Bowman  reservoir  75  per  cent,  of  the  total  rainfall 
and  snowfall,  reduced  to  rain,  is  stored. 

Resei'voir  Gauge. — In  the  construction  of  reservoirs 
the  location  selected  must  be  sufficiently  large  to  hold 
a  supply  necessary  to  meet  a  maximum  demand.  The 
exact  area  of  the  reservoir  should  be  determined,  and  a 
table  showing  its  contents  for  every  foot  of  depth  made,  so 
that,  from  an  inspection  of  the  gauge  and  reference  to  the 
table,  the  amount  of  water  available  for  service  can  always 
be  known.  A  longitudinal  section  through  the  centre  ot 
the  reservoir,  with  cross-sections  and  contour  lines,  five 

*  Harcourt,  *'  Rivers  and  Canals,'*  p.  3. 
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feet  above  each  other  vertically,  will  enable  the  engineer 
to  determine  the  height  of  the  dam  and  to  ascertain  the 
contents  of  the  reservoir  with  the  water  at  any  depth. 

Keservoir  Statistics. — On  the  head-waters  of  one 
of  the  branches  of  the  Yuba  River  in  Nevada  County, 
at  an  elevation  of  fifty-three  hundred  feet  above  sea-level, 
the  North  Bloomfield  Company  has  established  a  com- 
plete system  ot  reservoirs  for  the  storage  of  water.  Their 
Bowman  reservoir  and  the  small  ones  above  it  contain 
about  1,050,000,000  cubic  feet  of  water.  The  catchment 
area  is  28,94  square  miles.  The  cost  of  the  reservoirs  and 
dams  to  date  is  $246,707.51,  including  the  cost  of  distribut- 
ing reservoirs. 

The  Rudyard  or  English  reservoir  of  the  Milton  Com- 
pany since  its  enlargement  contains  650.000,000  cubic  feet 
of  water,  having  a  high-water  area  ot  395  acres,  fed  from 
a  catchment  basin  of  12. i  square  miles.  The  reservoir  is 
formed  by  three  dams.  The  back  wall  of  the  centre  dam 
has  a  vertical  height  of  one  hundred  and  thirty-one  feet. 
The  walls  are  of  dry  rubble  stone  covering  a  solidlv 
filled  timber  crib.  The  total  cost  of  the  reservoir  to 
date  is  $1  55,000. 

The  storage  reservoirs  of  the  Eureka  Lake  and  Yuba 
Canal  Company  consist  of  the  French  reservoir,  661,000,- 
000  cubic  feet  capacity,  area  337.32  acres;  Weaver  Lake 
reservoir,  100,000,000  cubic  feet  capacity  ;  and  Faucherie 
reservoir,  58,800,000  cubic  feet  capacity,  high-water  area 
90  acres ;  having,  therefore,  an  aggregate  capacity  of 
819,800,000  cubic  feet  of  water.*  The  catchment  basins 
of  most  of  these  reservoirs  are  in  a  rugged,  mountainous 
region,  and  in  ordinary  seasons  60  to  80  per  cent,  of  the 
rain  and  snow  fall  flows  into  the  reservoirs. 

Distributinj^  Reservoii'S. — Independent  of  these 
reservoirs,  all  mines,  at  convenient  distances  from  their 
works,  have  what  are  called  distributing  reservoirs,  whicli 
receive  the  water  from  the  main  ditch  for  delivery  to  the 

*  See  repcirt  of  J.  U.  Hague.  M.E.,  pp.  15,  16,  and  17. 
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individual  claims.  These  reservoirs  are  usually  small, 
containing  only  sufficient  water  for  a  few  hours"  or  a  few 
days'  run. 

The  principal  distributing  reservoirs  in  the  mining  dis- 
tricts of  California  are  : 


Waldron,  N.  Bloomfield  Mining  Co   5,352,000  cubic  feet. 

Marlow,  N.  Bloomfield  Mining  Co   1,734,000  cubic  feet. 

Pine  Grove,  Milton  Mining  Co     1 1,150,000  cubic  feet. 

Empire,  Milton  Mining  Co     2,230,000  cubic  feet. 

Excelsior  No.  i.  Excelsior  Mining  Co    15,610,000  cubic  feel. 

Excelsior  No.  2,  Excelsior  Mining  Co   6,690,000  cubic  feet. 


DAMS. 

Dams  arc  required  tor  the  purpose  of  impounding 
water  in  reservoirs,  for  diverting  it  from  streams,  or  for 
storing  in  the  canons  or  elsewhere  the  debris  coming 
from  the  mines. 

Foundation. — The  first  object  sought  in  selecting  a 
site  is  a  foundation  sufficiently  solid  and  impervious  to 
prevent  settling  of  the  dam,  leakage  under  its  base,  and 
wear  in  front  by  water  running  over  its  top.  Where  pos- 
sible the  entire  foundation  should  be  in  solid  rock. 

A  hard,  level,  compact  rock  always  affords  the  best 
foundation,  but  where  that  cannot  be  obtained  any  thick, 
impermeable  stratum  strong  enough  to  sustain  the  pres- 
sure will  suffice.  Gravel  soil  is  better  than  earth,  but  re- 
quires sheet  piling  to  prevent  sipage  beneath  the  base  of 
the  dam.  No  reliance  can  be  placed  on  vegetable  soil. 
In  India,  where  it  is  impracticable  to  go  down  to  the 
bed-rock,  stone  wells  filled  with  concrete  and  connected 
by  rows  of  piles  have  been  used. 

In  preparing  the  foundation  the  soil  and  all  porous 
material,  sand  and  gravel,  is  stripped  off,  and  when  the 
solid  ground  is  reached  it  should  be  careful!}-  and  thor- 
oughly tested  by  shafts  or  borings.  Where  the  rock  is  fis- 
sured all  loose  material  should  be  removed  ;  some  engineers 
recommend  covering  the  foundation  with  a  layer  of  pud- 
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TABLE  II. 

RESERVOIRS 

on  the  Yuba,  Bear,  Feather,  and  American  Rivers,  constructed  for 
mining  purposes. 


Bowmaii  

Shot  Gun  Lake  

Island  Lake  

Middle  Lake  

Round  Lake.  

Weaver  Lake  

Eureka  Lake  

Faticherie  

Jackson  Lake  

Smaller  Lakes  

English  

Fordyce  

Meadoxv  Lake  

Sterling  

Omega  and  Blue  Tent . . 

California  

El  Dorado  

Smaller  reservoirs  on  the 
Featlier,  Yuba,  and 
American  rivers  


Total  storage. 


North  Bloomfield  Co. 


Eureka  Lake  Co 


Milton  Co  

South  Yuba  Co. 


Blue  Tent  Co. 
California  Co. 


Capacity  in  cubic 
feet. 


930,000,000 
3-423.816 

23.027,558 
2,395,800 
2,907,630 
I  50,000,000 
661,000,000 
58,800,000 
15,000,000 
50,000,000 
650,000,000 
.075,525.000 
107.950,000 
53.975.000 
300,000,000 
600,000,000 
,070,000,000 


700,000,000 


6,454,004,804 


Note. — The  capacities  of  the  reservoirs  whose  names  are  given  in  italics  derived  from 
ofhci.-il  sources.  The  capacities  of  the  other  reservoirs  are  given  on  the  authority  of  Hamilton 
Smith,  Jr. 
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die  rammed  solidly,  which  is  torn  off  afterwards,  bringing 
with  it  all  the  loose  pieces  of  rock. 

Where  a  hard-pan  botttjm  is  used  great  care  should  be 
taken  not  to  crack  it.  Fanning  recommends  in  such  cases 
that  the  soil  should  be  carefully  removed  down  to  the  im- 
pervious stratum,  on  which  a  puddle  of  well  rammed  clay, 
rolled  with  not  less  than  a  two-ton  weight,  should  be 
placed,  and  a  puddle  wall  built.  He  also  suggests  the 
covering  of  the  ground  in  front  with  a  layer  of  gravel 
and  clay,  and  at  the  toe  of  the  inside  face  of  the  dam 
sheet  piling  should  be  driven  through  the  hard-pan  tc 
prevent  an}'  leakage  under  the  base  of  the  structure, 
which  must  be  water-tight  and  have  a  strong  apron 
placed  in  front  of  it  to  prevent  the  water  from  scouring 
the  bed. 

Wo(»d<Mi  Dams. — On  light  soil,  where  there  is  dan- 
ger of  undermining  from  the  overHtnv,  wooden  dams  can 
be  built  in  step  form  (i  vertical  to  3  or  4  horizontal) 
and  provided  with  aprons ;  sometimes  the  aprons  are 
inclined  towards  the  dam,  against  which  their  lower  ends 
abut,  while  at  the  further  end  sheet  piling  is  driven 
and  the  bed  around  it  protected  with  rip-rap.  The  same 
object  is  accomplished  likewise  by  two  dams  erected  a 
short  distance  apart,  the  lower  one  forming  a  pool  or 
water-cushion  for  the  discharge  from  the  upper  one. 

There  are  various  forms  of  wooden  dams.  They  are 
generally  constructed  of  round  logs  or  hewn  timber  one 
to  two  feet  in  diameter,  laid  on  each  other  so  as  to  form 
in  plan  a  series  of  cribs  from  eight  to  ten  feet  square, 
and  pinned  together  by  wooden  treenails.  In  the  bet- 
ter class  of  crib-work  the  timbers  are  notched  and  bolted 
to  each  other  at  each  intersection  with  iron  drift  bolts, 
the  round  logs  being  flattened  or  notched  where  they  lie 
upon  each  other.  The  bottom  timbers  are  bolted  to  the 
bed-rock,  the  ties  are  notched  and  bolted  to  the  stringers, 
and  the  cribs  are  filled  with  rock.  The  face  of  the  dam 
is  made  water-tiglit  bv  an  outer  skin  of  plank  spiked  to 
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the  face  ribs.  These  planks  are  fitted  with  an  outgauge 
or  battened  or  otherwise  calked. 

Abutments. — Where  abutments  are  used  they  should 
be  constructed  so  as  not  to  contract  the  width  of  the 
stream.  They  must  be  securely  connected  to  the  ends  of 
the  dam,  and,  if  possible,  carried  so  far  inland  that  high 
water  cannot  sweep  around  them;  they  must  be  sunk 
deep  and  protected  from  all  action  of  the  water,  and  the 
ends  adjacent  to  the  dam  should  be  rounded.  Thev  are 
constructed  of  stone  or  cement,  or  arc  built  of  timber  cribs. 

Masonry  Dams. — H3-draulic  minima  from  its  nature 
does  not  justify  the  expense  of  masonr}'  dams,  unless 
perhaps  the  reservoirs  are  desit^ned  also  for  other  and 
more  permanent  uses.  The  subject  of  the  construction 
of  masonry  dams  has  been  thoroughly  investigated  by 
engineers.  The  annexed  profile  (Fig.  3),  the  bounding 
lines  of  which  are  logarithinic  curves,  has  been  calculated 
by  Prof.  Rankine  to  serve  as  a  type  for  masonry  dams  of 
any  practicable  height.  "  It  presents  many  strong  points 
not  found  in  the  usual  rectilinear  profile,  and  deserves 
especial  consideration." 

The  most  desirable  form  of  profile  for  masonry  dams 
is  the  one  which  combines  the  greatest  strength  with  the 
least  amount  of  material;  To  determine  this  it  is  nec- 
essary to  know  the  forces  to  which  the  proposed  dam 
is  to  be  subjected,  whether  constant  or  variable,  and- 
the  effects  they  are  likely  to  produce.  The  conditions  of 
stability  (that  the  dam  may  sustain  its  own  weight  and 
withstand  both  its  own  weight  and  the  pressure  of  the 
water)  are  then  considered,  and  the  profile  adopted  which 
combines  the  greatest  strength  and  stability  with  economy 
of  material. 

The  weight  of  the  material  composing  the  structure, 
and  the  pressure  or  thrust  of  the  water  which  it  holds, 
are  the  only  forces  which  may  be  regarded  as  acting 
with  vigor  on  a  dam.  The  former  is  constant ;  the  latter 
depends  on  the  height  of  the  water  behind  the  dam,  and 
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is  conseqneiitlv  variable.  Tlic  thrust  at  anv  point  acts 
normally  to  tlic  inimorscfl  surface,  and  is  not  unifcumlv 
distrihutcd  over  the  entire  face,  bcinij  zero  at  tiu-  water- 
line  and  sjreatcst  at  the  foot  of  the  dam. 


Fli;.  3.    Sktion  1)1   l)\M     I'koi'Osfm  ii\  W.  J.  M.  Rvnkink,  Es(i. 


.\  dam  mav  vicld  by  slidin^jj  on  its  base  or  at  .n»\  liori- 
zonfal  joint,  or  bv  rotation  about  the  toe. 

In  masonry  dams  the  \viM<;hl  of  tlu'  d.nn  actinjf  yerti- 
callv  ,  and  llie  pressure  of  the  water  aclinj;  m  tlirections 
normal  lo  the  surface  immersed,  are  the  two  components 
of  a  resultant,  antl  stability  will   be  si-cnred   when  this 
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resultant  pierces  the  base  or  any  horizontal  joint  within 
certain  defined  limits.  If  the  line  of  the  resultant  mter- 
sects  any  hcjrizontal  plane  of  the  dam  outside  of  these 
limits,  stability  is  not  assured. 

The  foUowincr  conditions  are  indispensable  for  the 
stability  of  dams : 

1st.  The  courses  of  masonry  must  be  incapable  of 
slipping  one  over  the  other,  and  the  wall  incapable  of 
sliding  on  its  base. 

2d.  Neither  the  material  employed  nor  the  foundation 
must  b^  required  to  bear  too  great  a  pressure. 

The  stones  must  not  be  laid  in  horizontal  courses  ex- 
tending from  front  to  rear,  and  binders  should  be  freely 
used.  The  stability  of  all  dams  (or  walls  sustaining  pres- 
sure) requires  that  there  should  be  no  continuous  joints. 

Earthen  Dams. — For  reservoirs  of  moderate  depth 
earthen  dams  air  frequently  used.  Experience  sanctions 
for  these  dimensions  not  less  than  ten  feet  on  top,  and  a 
height  of  over  sixty  feet  is  considered  risky  by  many 
engmeers.  •  Trautwine  suggests  that  in  properly  con- 
structed earthen  dams  "the  top  width  should  be  equal  to 
two  feet  plus  twice  the  square  root  of  the  height  in  feet." 
The  inner  slope  should  be  (base)  to  i  (height),  and 
the  outer  slope  \yi  to  i.  Flat  inner  slopes  are  most 
desirable,  as  they  increase  the  stability  of  the  structure 
and  likewise  prevent  displacement  of  the  pitching.  In 
some  instances  the  toes  of  the  slopes  abut  against  retain- 
ing walls  ill  cement.  The  inner  slopes  should  be  care- 
fully laced  up  to  the  top  with  dry  rubble-stone  pitching  at 
least  one  and  one-half  feet  deep. 

The  Pillarcitos  reservoir,  San  Mateo  County,  has  an 
earthen  dam  six  hundred  and  forty  feet  long,  twenty-six 
feet  wide  on  top,  and  ninety-five  feet  high.  The  San 
.Vndreas  dam  is  six  hundred  and  forty  feet  long,  twenty- 
live  feet  wide  on  top,  and  ninety-five  feet  high.  The 
former  has  a  slope  of  2?^  (base)  to  i  (height)  on  the  inner, 
and  2%  to  I  on  the  outer  side.     In  the  latter  the  inner 
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slope  is  T,}4  to  I.  and  the  outer  slope  is  3  to  i.  In  both 
cases  the  puddle  walls  have  been  carried  down  respec- 
tively forty-six  and  forty-seven  ff^et  deeper  than  the  base. 

The  materials  selected  for  the  embankment  play  a 
very  important  part.  The  best  combination  consists  of 
gravel,  sharp  sand,  and  clay,  properly  proportioned, 
which  give  weight,  cohcsiveness,  stability,  and  imper- 
viousness.*  The  weight  of  the  wall  must  be  opposed  to 
the  thrust,  the  height  and  length  are  determined  quan- 
tities, and  the  thickness  is  the  onlv  remaining  factor  for 
adjustment. 

Puddle  "Walls. —  Engineers  differ  in  opinion  as  to  the 
value  of  puddle  walls.  They  are  designed  to  prevent 
leakage  through  or  beneath  the  embankment  and  reach 
from  the  top  to  below  the  ba.se.  Thev  should  be  from 
six  to  eight  feet  thick  on  top,  increasing  downwards  by 
offsets  at  the  rate  of  about  one  foot  for  every  three  or 
four  in  depth. 

Where  the  embankment  is  composed  of  loose  material 
and  the  water  comes  in  contact  with  the  clay  puddle,  it  is 
advisable  to  enclose  the  puddle  in  concrete,  or  a  water- 
tight wall  should  intervene  between  the  puddle  and  the 
reservoir. 

A  properly  constructed  embankment,  with  tiie  inner 
slope  and  the  bottom  of  the  reservoir,  especially  near  the 
toe,  securely  protected  by  means  of  puddle,  concrete,  or 
stone  facing  laid  in  cement,  is  considered  by  some  en- 
gineers preferable  to  a  puddle  wall  in  the  centre  of  the 
dam. 

Shriiikagfo  of  Eiiibaiikiuoiits. — The  following  are 
the  apjiroximate  averages  of  the  shrinkage  of  embank- 
ments according  to  Trautwine  (^iS32,  p.  630) : 


Gravel  or  sand  S  per  cent. 

Clay  10  per  cent. 

Loam  12  per  cent. 

Loose  vegetable  surface  soil  15  per  cent. 

Puddle  clay  20  per  cent. 


S«  Fanning,  '*  Water-Supply  Engineering,**  pp.  339-3-43. 


DAMS. 


lOI 


Trautwine  determined  that  one  cubic  yard  of  hard 
rock  made  on  an  average  1.7  cubic  yards  of  embankment, 
or  that  one  cubic  yard  of  rock  embankment  required 
0.5882  of  a  cubic  yard  in  place.  Also  that  a  solid  cubic 
yard  when  broken  into  fragments  made  1.9  cubic  yards  of 
loose  heap,  if  yards  carelessly  piled,  1.6  cubic  yards 
carefuU}'  piled,  1.5  cubic  yards  very  carelessly  scabbled, 
or  i{  cubic  yards  somewhat  carefully  scabbled. 

Dams  in  California — Among  the  most  important 
dams  built  in  California  are  :  the  Bowman  dam,  height 
one  hundred  feet,  length  four  hundred  and  twenty-five 


Fig.  4.    Dky-sione  Dam. 


feet ;  three  dams  owned  by  the  Milton  Mining  and  Water 
Company,  forming  the  English  reservoir,  the  largest  of 
these  having  a  height  of  one  hundred  and  thirty-one  feet; 
the  Fordyce,  of  the  South  Yuba  Canal  Company,  five  hun- 
dred and  si.xty-seven  feet  long  and  sevent3'-five  feet  high, 
catchment  basin  about  forty  square  miles  ;  the  Eureka 
Lake  dam  of  the  Eureka  Lake  and  Yuba  Canal  Company, 
length  two  hundred  and  fifty  feet,  height  sixty-eight  feet. 
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TABLE  III. 


Angles  of  Rrpose  and  Frictwn  of  Embankment  Materials.* 


Material. 

An^le  of 
Repose. 

Oocfil  ct  t 
of  Friction. 

1 

Ratio  of  Slope. 

1 

Hor.  Vtrt. 

28° 

.532 

1.88  to  I 

0 

30 

•577 

173  "  I 

45° 

1. 000 

1. 00  "  I 

15° 

.268 

3  73  "  ' 

45° 

1. 000 

1. 00  "  I 

Q  ri  1  n  o  1  ^ 

42° 

000 

I. II  "  I 

Gravel  

38° 

.781 

1.28  "  I 

36° 

•727 

i^38  I 

35° 

.700 

I  43  I 

0 

20 

364 

2.75  '  I 

Masonry  on  clayey  gravel. .  . . 

0 

30 

•577 

••73  "  I 

"  drv  clay  

0 

•510 

1.96  "  I 

18° 

•325 

3.08  I 

0 

45 

1. 000 

,  1. 00  1"  1 

17° 

j  -306 

3  26  ••  I 

1' 

•  See  "  Treatise  on  Water-Supply  Engineering,"  by  J.  T.  Fanning,  p.  345. 
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All  the  foregoing'  dams  are  built  of  dry  rubble  stone 
and  faced  with  a  water-tight  lining  of  planks. 

The  Tuolumne  County  Water  Company  has  built  seve- 
ral timber  crib  dams,  the  largest  of  which  is  across  the 
south  fork  of  the  Stanislaus  River.  This  dam,  which  is 
three  hundred  feet  long  and  sixty  feet  high,  rests  for  its  en- 
tire base  on  solid  granite  bed-rock.  The  cribs,  construct- 
ed of  round  tamarack  logs  from  two  to  three  feet  in  di- 
ameter, are  about  eight  feet  square  from  log  to  log  (ten 
feet  centre  to  centre),  and  the  timbers  are  pinned  together 
with  wooden  treenails.    The  cribs  have  no  rock  filling. 

The  face.is  formed  of  flattened  three-inch  timber  pinnccf 
with  wooden  treenails  to  the  crib  and  calked  with  cedar 
bark.  The  flood  water  passes  over  the  crest  of  the  clam 
for  the  entire  length.  The  water  is  drawn  off  by  several 
gates,  one  above  the  other,  placed  on  tiie  inclined  water- 
face.  The  dam  was  built  in  1856.  Its  total  cost  did  not 
exceed  $40,000.  Pine  dams  owned  by  this  company,  con- 
structed on  the  same  plan,  have  decayed,  while  cedar  cribs 
are  still  in  perfect  order.  The  Spring  Valley  and  Che- 
rokee Company's  Concow  reservoir  in  Butte  County  is 
formed  by  two  earthen  dams,  each  about  fifty -five  feet  in 
height ;  one  of  these,  which  is  used  as  a  waste,  has  its  lower 
side  built  of  heavy  brush  embedded  in  the  earth. 

TIIK  BOWMAN  RESERVOIR  AND  DAM. 

This  reservoir  was  designed  for  the  supply  of  water 
during  the  dry  season  of  the  year  to  the  gravel  mines  ope- 
rated by  the  North  Bloomfield  Mining  Company.  It  is 
located  in  a  mountain  valle}',  on  Big  Canon  Creek,  a 
branch  of  the  Yuba  River. 

It  is  fecf  from  a  gross  catchment  area  of  28.94  square 
miles.  Higher  up  on  the  same  stream  there  are  several 
other  reservoirs  owned  by  the  Bloomfield  and  Eureka  Lake 
companies,  the  upper  one  (Eureka  Lake  reservoir)  hold- 
ing 661,000,000  cubic  feet  of  water.    In  ordinary  seasons 
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TABLE  IV. 

Some  of  the  Principal  Dams  in  California. 


Bowman  

Saw  Mill  Flat. 
Shot  Gun  Lake 
Island  " 
Middle 
("rooked  " 
Round  " 
Fall  Creek  . .  . 


Owner. 


English   

Milton  Dam .  . 
Eureka  Lake. 

Jackson  " 

Faucherie  " 

Weaver 

Meadow  " 
Fordyce  (en- 
larged). .  . . 

Sterling  

Tuolumne. .  .  . 
Pillarcitos.  . .  . 


North  Bloom- 
field  Co  I 

North  Bloom- 
field  Co  

North  Bloom- 
field  Co  

North  Bloom-| 
I    field  Co  j 

North  Bloom- 
field  Co  

North  Bloom- 
field  Co  I 

North  Bloom- 
field  Co  

North  Bloom- 
I    field  Co  I 

.Milton  M.  Co.  .1 

Milton  M.  C-o.  . 

Eureka  Lake 
Co  

Eureka 
1  Co  

Eureka 

Cn  

Eureka  Lake 

,  Co  

South  Yuba  Co. 


Acres.  ! 
500  I 

8,'o 


Lake, 
Lake 


395 
10 

337, 'u 
20 
90 

83t'o 
262 


Feet. 
lOO 

10 

12 

3 
II 


131 

5 

68 


San  Andreas. . 


South  Yuba  Co.  1200 

South  Yuba  Co  

Tuolumne  Co.  .1  .  .  .  . 
Spring  Valley 

Water  Co. . .'.   

Snring  Valley 

Water  Co  . ;  . 


5 
21 

28 

75 
30 

60 

95 
93 


425 


..  I 


c  > 
o  « 


C  in 


e  U-. 


331 


250 


Feet,  j  Acres. 
[$151,521  5,450  12.093 

j6,4lo 

I 

6,690 

6,460 

1, 

|6,5io 
6,590 


[  H  6,6go 
$i55.ooo»,6,i40|  7,745 
  j5.(>70 17.637 

35,000  16,480  3,1701 


•  '5.4'0| 

000  6,o(jo|  3.262 


500  I 

650 

300  I 
^oo 

640  [ 
640 


40 


7,040 

[7,000' 
17,200 

000  jS.OOO 
.      j  696 
I  455 


•  Includes  cost  of  the  three  dams,  which  form  the  reservoir.  The  height  nnd  Icn^li 
given  .nre  for  the  main  structure. 
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these  upper  reservoirs  retain  all  the  water  flowing  into 
them,  reduci|>g  the  catchment  basin  of  the  Bowman  to 
about  nineteen  square  miles. 

The  mean  annual  rain  and  snowfall  at  the  Bowman 
dam  is  about  seventy-five  inches,  of  which  seventy-five  per 
cent,  flows  into  the  reservoir. 

Two  dams  are  needed  to  impound  the  water.  The 
main  one,  placed  across  the  narrow  gorge  forming  the 
outlet  of  the  valley,  has  a  maximum  height  of  one  hundred 
feet  (96.25  feet  above  the  datum  base  line)  and  an  extreme 
length  on  top  of  four  hundred  and  twenty-five  feet,  and  is 
the  largest  on  the  coast. 

The  smaller  dam,  placed  across  a  gap  near  the  mouth 
of  the  valley,  has  a  maximum  height  of  fifty-four  feet  and 
an  extreme  length  on  top  of  two  hundred  and  ten  feet.  It 
is  fitted  with  waste-ways,  and  over  it  is  discharged  all  the 
surplus  water  from  the  reservoir. 

High-water  mark  is  fixed  at  a  point  one  and  one-half 
feet  below  the  summit  of  the  main  dam  ;  at  this  height  the 
reservoir  contains  918,000,000  cubic  feet  of  water  with  a 
surface  area  of  over  500  acres.  By  placing  temporary  flush 
boards  on  the  top  of  the  waste  dam  the  water  is  raised  t(j 
the  ninety-six  feet  line  (above  datum  base),  increasing  the 
quantity  of  water  stored  to  930,000,000  cubic  feet. 

The  stream  feeding  the  reservoir  has  a  maximum  flow 
during  great  freshets  of  5,000  to  7,000  cubic  feet  of  water 
per  second.  The  existence  of  other  reservoirs  higher  up 
the  stream  adds  to  the  danger  from  great  floods,  and  there- 
fore the  Bowman  dams  have  been  designed  to  withstand 
not  only  freshets  in  the  canons,  but  also  any  additional  in- 
flux of  water  caused  by  the  breaking  of  the  upper  dams. 

Main  Dam. — Figure  5  A  shows  a  profile  across  the 
canon,  being  a  longitudinal  section  through  the  dam. 
Figure  5  B  gives  a  cross  section  at  its  extreme  height. 

It  rests  on  solid  granite  bed-rock,  which  is  sufficient- 
ly free  from  seams  to  prevent  any  considerable  leakage 
through  crevices  in  the  rock. 
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The  dam  was  built  in  1872  to  the  height  of  seventy-two 
feet,  as  shown  by  the  sketch,  being  a  timber  crib  formed 
of  unhewn  cedar  and  tamarack  logs,  notched  and  firmly 
bolted  together,  and  solidly  filled  with  loose  stones  of 
small  size.  A  skin  of  pine  planking,  spiked  to  the  water- 
face,  forms  a  water-tight  lining.  During  the  years  1875 
and  1876  the  dam  was  increased  to  the  height  of  ninety- 
six  and  one  fourth  feet  above  datum  line  (one  hundred 
feet  extreme  height)  by  tilling  in  a  stone  embankment  on 
the  lower  side  of  the  old  structure,  faced  with  heavy  walls 


A 

Stttioii  across  ( 'iuion 
ihruuKi)  nutiii  duin. 


Area  to  Mltl.  a)  r» 

Area  ti>  <■« 

ft.  11026 

0  1 

«  1! 

9  3, 

K)  « 

Fig.  5A.    TnK  Bowman  Main  Dam. 


of  dry  rubble  stone  of  large  size.  The  down-stream  lace 
wall  ivS  fifteen  to  eighteen  feet  thick  at  the  bottom,  dimin- 
ishing to  six  or  eight  feet  at  the  top.  Most  of  the  face 
stones  in  this  wall  are  of  good  size,  weighing  from  three- 
fourths  to  four  and  one-half  tons,  and  there  are  many  of 
equal  weight  in  the  backing. 

The  lower  portion  of  the  wall  is  seventeen  and  one-half 
feet  high,  with  a  batter  of  fifteen  per  cent.  It  is  built  of 
heavy  stone,  with  ranged  horizontal  beds  and  with  the 
face  stone  tied  to  the  backing  by  long  iron  ties. 

The  upper  portion  of  the  wall  is  built  with  a  slope  of 
fortv-five  degrees,  and  the  face  stones  are  bedded  on  an 
angie  of  twenty-two  and  one-half  degrees,  thus  dividing 
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the  ang^le  between  a  horizontal  bed  and  a  bed  at  rij^-ht 
angles  to  the  lace.    No  attempt  at  range  work  was  made 


in  this  upper  portion  of  the  wall.  Above  the  sixty-eight 
feet  line  ribs  of  flattened  cedar,  eight  inches  thick,  are  built 
into  the  up-stream  face  wall  and  are  tied  to  it  by  iron  rods 
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thrce-fourtlis  inch  in  cliaiucter  and  live  feet  lontf.  On 
these  ribs  a  jjlanked  skin  is  firmly  spiked.  This  planking 
is  of  heart  sugar  pine,  three  inches  thick  and  eight  inches 
wide,  with  planed  edges  fitted  with  an  outgaiige,  similar 
to  ship  planking.  The  plank  was  put  on  nearl)-  thorough- 
ly seasoned,  and  swells  sufficiently  to  make  the  face 
practically  water-tiglit  without  battening  or  calking  the 
j:jints.  The  openings  at  the  joints  made  by  the  outgauge 
suck  in  small  particles  of  vegetable  matter,  which  take  tiie 
])lace  of  calking  to  a  great  extent.  At  the  bottom  the 
plank  is  fitted  to  a  firm  bed-rock  and  calked  with  pine 
wedges.  There  are  three  thicknesses  (nine  inches)  on 
the  lower  twenty-five  feet,  two  thicknesses  (six  inches)  on 
the  next  thirty-five  feet,  and  one  thickness  on  the  upper 
thirty-six  feet. 

From  past  experience  it  is  believed  that  the  plank- 
ing will  remain  sufficiently  sound  for  twenty  years  at 
least. 

A  culvert  extends  through  the  dam,  as  shown  by 
Fig.  5  B,  through  which  the  water  is  drawn  from  the 
reservoir.  This  culvert  is  built  with  heavy  dry-rubble 
foundation  and  walls,  and  is  covered  with  granite  slabs 
.sixteen  to  eighteen  inches  thick  and  six  and  one-third  feet 
long. 

Three  wrought-iron  pipes  of  No.  12  iron,  each  eight- 
een mches  in  diameter,  pass  through  the  water-face  of  the 
dam.  Their  upper  mouths  are  protected  by  a  strainer, 
formed  of  two-inch  plank,  anchored  to  the  bed-rock.  A 
separate  valve  or  gate  is  placed  at  the  lower  end  of  each 
pipe ;  the  water  passing  through  the  gates,  aggregating  a 
flow  of  280  cubic  feet  per  second  when  the  three  are  open, 
discharges  into  a  covered  timber  sluice,  seven  and  one- 
half  feet  wide  by  one  and  three-fourths  feet  high,  passing 
to  the  lower  edge  of  the  dam,  and  thence  on  to  the  solid 
rock  of  the  creek  bed.  The  gates  are  approached  by  a 
walk  way  above  the  sluice.  The  crest  of  the  dam  is 
formed  by  a  coping  of  hewn  heart-cedar  timber,  eight- 
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een  inches  wide  on  top,  securely  anchored  by  iron  bolts 
to  the  stone  wall. 

It  is  not  probable  that  any  water  will  ever  pass  over 
the  crest  of  the  main  dam,  except  in  case  of  a  break  at 
the  large  reservoir  higher  up  the  stream.  Great  care 
was  taken  in  building  the  down-stream  face  wall  of  the 
dam  for  any  such  possible  emergency.  Should  this  hap- 
pen a  large  quantity  of  water  would  enter  the  structure, 
owing  to  the  inclined  beds  of  the  face  stone  and  the  flat 
slope  of  the  wall,  which  v/ater  would  seek  its  discharge 
through  the  interstices  purposely  left  in  the  nearly  verti- 
cal portion  of  the  lower  wail.  To  prevent  the  consequent 
liydrostatic  pressure,  which  would  accumulate  at  the  base 
of  the  dam  to  perhaps  twenty  pounds  to  the  .square  inch, 
from  forcing  out  the  lower  face,  the  wall  was  carefully 
built  and  tied  with  iron  rods. 

There  are  55,000  cubic  yards  of  material  in  this  struc- 
ture, weighing  about  85,000  tons  ;  tiie  liydrostatic  pres- 
sure, with  the  water-line  ninety-five  feet  above  datum, 
against  a  vertical  plane  of  that  height  aci^oss  the  canon 
at  the  dam  site  will  be  21,745  tons.  The  dam  is  built  V- 
shaped,  with  the  vertex  of  the  angle  of  165°  pointing  up 
stream.  This  mode  of  construction  adds  somewhat  to 
the  stability  of  the  structure.  The  cost  was  $151,521.44. 
The  rather  peculiar  construction  of  this  dam  was  due  to 
the  following  causes  : 

The  stone  cliffs  in  the  vicinity  are  composed  of  an  ex- 
ceedingly hard  granite  with  poor  cleavage,  but  with  great 
numbers  of  short  cross  seams,  making  it  most  costly  to 
quarry  stone  of  large  dimensions. 

No  limestone  existing  in  the  vicinity,  the  cost  of  trans- 
porting lime  was  so  great  as  to  prevent  its  u.se. 

On  the  side  of  the  mountain,  at  the  distance  of  about 
one  mile,  there  was  a  large  pile  of  loose  stone,  too  irregu- 
lar in  shape  to  be  used  in  wall-building,  but  of  good  quali- 
ty for  'aiT  -embankment.  \t  was  found  to  be  cheaper  to 
build  a  tramway  to  this  stone  and  haul  it  to  the  work 
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than  to  quarry  from  the  cliffs  lu-arcr  the  dam.  Hence, 
the  supply  of  material  being  abundant,  Hat  slopes  ol  45- 
for  the  wall  were  adopted,  which  allowed  verv  much 
lighter  face  walls  to  be  used  with  safety  than  would  have 
been  the  case  had  they  been  more  nearly  vertical. 

The  stone  for  these  face  walls  was  quarried  from  solid 
rock,  and  cost  in  place  three  or  four  times  more  than  the 
loose  stone  brought  from  the  mountain  side.  When  in 
the  future  the  timber  logs  forming  the  cribs  in  the  origi- 
nal seventy-two  fe^-t  dam  decay,  there  will  be  some  sligiit 
sub.iidencc  of  the  superincumbent  stone.  The  depth  of 
the  stone  is  so  considerable  and  the  slopes  of  the  walls 
are  so  flat  that  it  is  believed  this  subsidence  will  not  be 
i\i  )ticeable. 

Waste  Dam. — Figures  6A  and  6B  show  longiludi- 
n:i!  and  cross  sections  of  the  waste  dam.  This  is  a  crib  of 
round  cedar  timbers  varying  from  twelve  to  thirty  inches 
in  diameter,  notched  down  to  heart  wood  at  the  joints, 
and  lirmly  bolted  with  three-quarter  and  one-inch  drift 
b.)lts.  The  foundaticjn  logs  are  all  fastened  to  the  bed- 
rock with  one  and  one-half  inch  bolts. 

The  cribs  are  solidly  lillcd  with  granite  rocks  vary- 
ing from  several  tons  to  a  few  pounds.  No  sand  or  fine 
st(jn^'  was  used  in  this  filling.  A  plank  facing  of  three- 
inch  heart  sugar-pine  is  spiked  on  the  water-face,  mak- 
ing a  water-tight  lining  similar  to  tliat  on  the  main 
dam. 

The  crest  of  the  original  dam  is  ninety-two  and  one- 
half  feet  above  datum  line,  being  four  feet  lower  than  the 
summit  of  the  main  dam.  A  light  superstructure  of  four 
feet  allows  the  water  to  be  raised  to  the  height  of  the 
main  dam.  The  waste  darn  is  provided  with  twenty- 
eight  escapes,  each  four  feet  wide  and  eleven  feet  deep. 
These  waste-ways  are  closed,  when  all  danger  from  fresh- 
ets is  passed,  with  boards  two  inches  thick,  eight  inches 
wide,  four  and  one-half  feet  long,  laid  horizontally,  and 
sliding  to  their  places  one  above  the  other  on  the  inclined 
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slope  of  the  water-face.  This  style  of  gate  Iws  been  found 
by  long  experience  to  be  the  best. 

•  The  weight  of  the  dam  is  about  6500  tons,  and  the 
hydrostatic  pressure,  witli  the  water  line  9S  feet  above 
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I'k;.  6.    Bowman  Waste  Dam. 


datum  line,  against  a  vertical  plane  of  that  height  across 
its  upper  face,  is  2571  tons. 

It  is  believed  that  the  structure  is  sufficiently  stable  to 
allow  a  flood  of  16,000  cubic  feet  of  water  per  second  to 
pass  with  safety  through  the  wastes  and  over  its  crest. 

The  water  passing  over  the  dam  falls  on  bare  granite 
bed-rock,  and  thence  down  a  steep  gorge. 
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From  past  experience  in  the  use  of  cedar  timber  it  is 
safe  to  assume  that  the  life  of  this  structure  w  ill  be  from 
twenty-five  to  thirty  years,  and  possibly  longer.  Its  cost 
was  S I  5 .000.* 

Debris  Dams. — Debris  dams  are  obstructions  placed 
across  the  beds  of  streams  for  the  purpose  of  holding  back 
the  sand  and  gravel  coming  from  the  mines,  to  prevent 
their  entering  into  the  navigable  streams  and  damaging 
the  land  in  the  valleys  below.  They  may  be  placed  either 
in  the  mountain  canons  or  in  the  vallevs  where  storage 
room  can  be  conveniently  obtained.  These  dams  or  bar- 
riers may  be  composed  of  stone,  wood,  or  brush,  as  cir- 
cumstances require.  The  structures  are  not  designed  to 
impound  water,  but  simply  to  check  the  velocity  of  the 
current  carrying  the  mining  and  other  debris  and  to  allow 
the  deposit  of  the  material  behind  them,  and  therefore 
they  partake  more  of  the  character  of  retaining  walls  than 
of  water  dams. 

"The  deposits  in  ihe  streams  consist  of  stones  several  cubic  feet  in 
volume— cobble,  gravel  in  all  sizes,  sand  in  various  degrees  of  fineness, 
and  a  mixture  of  extremely  fine  sand  and  clay,  popularly  known  as  '  slick- 
ens."  This  latter  material,  being  easily  transported,  is  constantly  in  motion, 
even  in  the  low  stages  of  the  stream.  The  same  is  probably  also  true  of 
the  finer  sands,  and  in  particular  streams  is  true  of  the  gravel,  at  least  in 
the  upper  portions,  where  the  beds  are  confined  and  where  the  slopes  are 
steep. 

"  When  the  high  stages  of  water  come  they  find  the  beds  of  ttw  streams 
dotted  at  the  ends  of  the  mining  sluices  with  mounds  of  detritus,  which 
sometimes  form  dams  across  the  beds  of  the  stream. 

*•  The  elTect  of  the  flood-water  is  to  sweep  these  deposits,  excepting 
perhaps  the  largest  pieces  of  stone,  and  to  carry  them  away  to  lower  parts 
of  the  river.  The  fall  of  some  of  the  principal  streams  serv  ing  as  outlets  to 
the  mines  is  in  places  50  and  even  75  feet  to  the  mile.  A  rise  of  ao  feet 
more  or  less  in  a  narrow  bed  with  such  a  fall  is  sufficient  to  move  material 
with  great  cflTcct. 

"  The  periods  and  stages  of  high  water  var>-  ver>-  much  here  as  else- 
where :  but  the  rainfall,  be  it  large  or  small— and  there  is  great  variation  in 
this  respect — comes  mainly  in  two  or  three  months,  so  that  there  is.  except 

•  Thr^tmc  de«cripti->n  nf  the  Bowman  dams  is  esseniiaUr  the  same  x  that  written  for 
■'ke,author  by  Hamilton  Smith.  Jr..  who  planned  and  constructed  the  dams. 
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in  verj'  dry  years,  a  period  of  some  length  in  which  tlie  water  is  higti  from 
rains. 

"There  is  also  a  period  of  high-water  in  the  spring,  due  to  melting  of 
the  snow  which  has  acctimulaled  during  the  winter  on  the  higher  altitudes 
of  the  Sierra. 

"The  mass  of  material  thus  put  in  motion  in  narrow  and  steep  river- 
beds is  carried  along  to  the  lower  parts  of  the  rivers,  each  tributary  contri- 
buting its  share  of  Hood-water  and  detritus,  and  uniting  to  fonn  at  or  near 
the  edge  of  the  foot-hills  the  rivers  to  which  we  have  given  names.  As  the 
detritus  reaches  lower  portions,  the  streams,  less  concentrated  and  wiiii 
constantly  diminishing  fall  in  the  bed,  find  themselves  unable  to  carry  to 
the  lower  course  the  load  which  they  transported  in  the  upper.  WIilmi 
these  streams,  as  they  were  before  mining  was  begun,  reached  the  plains  of 
the  Sacramento  Valley,  the  fall  of  the  beds  diminished  to  a  very  few  feet 
per  mile,  perhaps  3  or  4,  so  that,  all  along  the  whole  lower  course  of  the 
river,  the  bed  first,  and  afterwards  the  plains  bordering  the  river  where  the 
banks  were  low,  bccaine  depository  places  for  the  material  the  river  was  no 
longer  able  to  carry.  The  river  bed  in  the  plains  first  becomes  obliterated 
by  deposits,  and  then  the  alluvial  lands  adjoining  become  a  waste  of  sand, 
gravel,  and  'slickens.'  Instead  of  a  river  bed  there  is  a  wide  plain  over- 
flowed at  high  stage,  tlirough  which,  meandering  in  constantly  varying 
channels,  the  summer  river  pursues  its  devious  course."  * 

The  topng-|-a[)Iiy  of  the  country  along  the  lines  f)f  the 
mountain  streams,  though  rugged,  affords  every  facility 
for  carrying  out  successfully  a  plan  for  storing  the  tail- 
•ngs.  The  banks  are  generally  of  great  height,  with  slopes 
ivhich  vary  from  hfteen  to  fifty  degrees.  The  general 
slope  is  about  thirty-five  degrees,  and  "  an  elevation  of 
fifty  feet  adds  one  hundred  and  forty  to  the  width,  which 
extended  width,"  says  Col.  Mendell,  "  reduces  the  height 
of  floods,  the  cubes  of  the  heights  being  proportional  to 
the  squares  of  the  widths.  Doubling  the  width  reduces 
the  height  one  third,  which  reduction  in  height  reduces 
the  suspending  power  of  the  water  and  the  exposure  of  the 
structure  to  floods."  f  The  storage  capacit)^  is  conse- 
quently increased  by  this  additional  width  as  tiie  bed  of 
the  stream  is  elevated. 

The  chief  obstacles  to  be  encountered  in  the  erection 

*  Annual  Report  of  the  Chief  of  Eiigliieerh  I*.  S.  Army  for  1881,  Appendix  MINU. 
+  Col.  MendclPs  Report  on  Mining  Debris  in  California  Rivers,  p.  41. 
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of  these  dams  arise  from  the  present  condition  of  the 
beds  of  the  streams,  the  accumulations  of  past  years,  and 
the  current  mining  operations.  The  channels  in  their 
present  estate  contain  hu  ge  quantities  of  such  detritus.  In 
the  Yuba  alone  above  Smartsville  over  80,000,000  cubic 
vards  are  estimated  to  be  de|)osited  in  the  canons,  and  be- 
tween Smartsville  and  tiic  mouth  of  the  Yuba  some  700,- 
ooo.ooo  cubic  yards  are  said  to  be  in  the  bed  of  the  stream. 
According  to  the  testimony  given  in  the  case  of  Keyes  vs^ 
Little  Yoj  k  Gold  Washing  and  Water  Company,  86,000,- 
ooo  cubic  yards  were  estimated  in  1878  to  have  been  de- 
posited in  the  bed  of  Bear  River  above  the  plains,  and  36,- 
000,000  cubic  yards  below  the  fcjot-hills  to  its  mouth,  a 
total  of  122,000,000  cubic  yards. 

Without  entering  further  into  details  of  numerous 
other  streams  in  which  debris  is  or  has  been  deposited  for 
the  past  thirtv-fivc  years,  suffice  it  to  say  that,  mining  or 
no  mining,  it  is  onlv  a  question  of  time  as  to  when  a  large 
part  oi  this  m  iss  will  m  )ve  down  into  the  lowlands,  un- 
less measures  are  taken  to  prevent  the  continuous  eroding 
action  of  the  waters  and  also  to  impound  the  material, 
which  can  be  done  only  bv  the  construction  of  a  system 
of  permanent  dams.  Such  structures  would  prevent  the 
streams  from  eroding  the  deposits  to  their  original  beds, 
which  otherwise,  under  certain  conditions,  must  sooner  or 
later  occur.  They  would  hold  in  check  the  accumula- 
tions of  sand  and  debris  now  stored  in  the  canons,  and 
would  permit  the  continuation  of  mining  without  detri- 
ment to  the  interests  of  others. 

"  It  may  be  asked,"  says  Col.  Mendell,  "whether  the  protection  afford- 
ed in  this  way  will  be  complete  and  include  all  grades  of  mining  tailings. 
This  cannot  be  claimed.  The  suspensory  matter  of  fine  sands  and  clay 
cannot  be  restrained  in  this  way  or  by  any  other  method  which  does  not 
provide  a  settling  basin  in  which  the  water  can  be  maintained  in  a  quies- 
cent state  for  some  time. 

"  It  may  also  be  expected  that  during  the  flood  stages  in  the  early 
period  of  development  a  certain  portion  of  material  of  every  grade  may  be 
suspended,  and  thus  pass  the  crest  of  the  barrier  ;  but  it  is  to  be  remarked 


DAMS. 


that  :is  the  width  is  increased  the  suspensory  power  is  diminislied,  so  that 
tlic  degree  of  protection  becomes  greater  as  the  system  is  developed.  We 
can  imagine  a  condition  of  a  river  when  comparatively  little  is  carried  sus- 
pended, and  nearly  the  whole  of  the  material  transported  is  rolled  in  waves 
on  the  boilom. 

"This  condition  is  more  and  more  approached  as  the  dams  are  raised. 
It  seems,  therefore,  to  be  good  policy  to  give  the  first  dam  in  the  canons 
considerable  height. 

•'  It  will  be  understood  that  permanent  protection  can  be  attained  only 
by  building  dams  in  proportion  to  the  amount  of  detritus  turned  out  by 
the  mines.  The  system  must  be  continued  at  least  as  long  as  the  mines 
are  worked. 

"  If  this  system  of  restraint  had  proceeded  pari  passu  with  raining  dur- 
ing the  past  thirty  years  it  can  hardly  be  doubted  that  the  condition  of  the 
country  affected  would  to-day  have  been  much  better  than  it  is."  * 

The  heiglit  of  floods  in  tlic  Yiiba  is  oiilv  twelve  feet 
at  the  Narrows,  and  the  water  is  fully  loaded  with  all 
the  material  it  is  ca])able  of  transporting.  To  insure  pro- 
tection permanent  structures  are  therefore  required.  On 
sand  or  gravel  bottoms  mattresses  of  trees  or  brush  may 
be  used  to  prevent  settling;  but  where  the  supply  of  rock 
is  abundant,  convenient,  and  cheap,  masses  of  stone  can 
be  blasted  from  the  side  hills,  and,  by  means  of  derricks 
or  otherwise,  be  easily  arranged  as  required.  The  larger 
the  rocks  are  the  lietter:  the  largest  beuig  put  on  the 
down-stream  side,  so  placed  as  to  permit  the  draining 
ihnmgh  ol  the  water;  the  smaller  rocks  on  the  up-stream 
side.  The  slopes  0:1  both  sides  shtjuld  conform  to  the  re- 
quirements ol  the  structure.  As  the  dam  is  built  the  ma- 
terial will  gradually  deposit  itself  against  it  on  the  up- 
stream face;  the  water  draining  through  the  rocks  leaves 
behind  in  the  dam  the  sand,  which  gradually  fills  up  the 
spaces  as  the  bed  ot  the  river  is  raised.  Waste-ways  may 
be  readily  provided  on  one  or  both  sides  of  the  dam,  which 
would  have  the  practical  effect  of  lengthening  the  crest 
of  the  dam  and  of  thereby  reducing  the  depth  of  water 
passing  over  it  in  freshets,  in  the  proportion  already 


*  Col.  Mcndell's  Report  on  Mining  Debris  in  California  Ri\-ers,  p. 


ll6  DAMS. 

stated.  This  arrangement  will  lessen  the  exposure  of 
the  lower  face  and  toe  of  the  dam. 

In  time  of  great  flood  the  crest  will  be  submerged  to  a 
greater  or  less  degree,  depending  0:1  the  width  of  the 
structure  and  the  volume  01  water  discharged  by  the 
stream.  This  would  be  of  little  consequence,  as  the  work 
shoukl  be  especially  designed  to  i)ermit  of  the  flood 
waters  passing  over  it.  the  stability  of  the  dam  being  as- 
sured by  the  size  and  weight  of  the  stones  exposed  to  the 
water. 

The  stability  of  a  structure  of  this  character  is  de- 
pendent upon  conditions  differing  from  those  which  ap- 
ply to  a  structure  composed  f)f  stones  united  by  a  bond, 
such  as  an  ordinary  retaining  wall.  In  the  latter  case,  if 
the  bond  is  sufficient  to  make  the  wall  practically  a  mono- 
lith, its  stability  will  be  complete  if  it  be  given  weight 
enough  to  prevent  it  from  sliding  on  its  base,  and  such 
proportions  that  it  can  have  no  motion  of  rotation  about 
its  toe. 

The  force  tendmg  to  move  or  overthrow  the  bonded 
dam  is  equal  to  the  weight  of  a  prism  of  water  whose 
base  is  the  area  immersed,  and  whose  height  is  the  verti- 
cal distance  of  the  centre  of  gravit}'  from  the  water- 
level.  The  point  of  application  of  this  thrust  is  situated 
at  one-third  of  the  height  of  the  water  measured  from 
the  base.  The  direction  of  tiic  thrust  is  normal  to  the 
surface. 

The  problem  is  an  exact  one.  The  thrust  is  known  in  its 
magnitude,  its  point  of  application,  and  its  direction,  and 
the  problem  of  proportioning  a  wall  of  masonry  to  resist 
this  thrust  admits  of  complete  solution.* 

But  the  detritus  barriers  are  composed  of  picrris-per- 
ducs,  or  what  is  commonly'  known  as  "rip-rap."  There 
can  be  little  bond  in  such  a  structure.  Careful  placing  of 
stones  may,  it  is  true,  impart  something  like  a  bond,  but 


*  Sec  Kankin,  Krantz. 
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this  cannot  be  safely  relied  upon  as  a  source  of  strength. 
Each  stone,  being  practically  independent  of  its  neighbors, 
must  rely  upon  its  own  resisting  quality  to  maintain  its 
place  in  the  structure. 

It  tollows  that  where  the  Hoods  are  great  and  the  ex- 
l)osure  conscciuently  large  the  st(jnes  must  be  proportion- 
ately  huge  and  heavy. 

The  interior  of  a  structure  of  this  kind,  being  protect- 
ed from  the  action  of  the  water  and  held  in  place  by 
superincumbent  weight,  may  be  composed  of  sizes  of 
stone  which  it  would  be  unsafe  to  place  on  the  crest  and 
exposed  surfaces.  The  stones  of  the  crest  and  on  the 
lower  slope  are  most  exposed,  and  consequently  must  be 
of  the  largest  sizes.  The  force  that  tencjs  to  move  them 
is  not  hydrostatic  pressure,  but  the  force  and  impact  of 
great  volumes  of  water  moving  with  high  velocity. 

Such  a  structure,  composed  of  rubble  stone  and  unable 
to  impound  water,  would  be  exposed  to  the  pressure  of 
the  material  which  is  slowly  deposited  behind  it.  The 
maximum  horizontal  pressure  from  this  source  alone 
would  be  reached  when  the  plane  ol  fracture  of  the  earth 
bisects  the  angle  which  will  be  formed  by  the  earth  slop- 
ing back  from  the  foot  of  the  wall  on  its  angle  of  repose  ; 
therefore  the  weight  of  such  a  prism  can  be  easily  cal- 
culated. 

.\s  the  dam  tills  up,  the  pressure  of  the  material  on  it- 
self, owing  to  its  composition,  would  cause  it  to  consoli- 
date (cement),  thus  continually  changing  the  angle  of  re- 
pose, until  finally,  when  even  with  the  crest,  there  would 
be  comparatively  no  horizontal  thrust  or  pressure  on  the 
dam,  the  structure  simply  protecting  the  face  of  the  de- 
posit from  erosion.  Therefore  such  barriers,  constructed 
with  proper  materials  on  the  well-known  principles  of 
dam-building,  could  not  fail  to  hold  back  the  debris. 

As  these  dams  are  not  water-tight,  and  are  composed 
of  large  masses  of  rubble  stone  without  bond,  it  is  difficult 
to  see  how,  in  the  event  of  a  breach,  the  inhabitants  below 
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would  suffer,  nor  can  it  be  conceived  iiow  a  total  dc^li  iic- 
tion  of  the  structure  could  occur.  The  dam  might  settle 
and  its  usefulness  be  temporaril\-  impaired,  but  the  only- 
effect  that  could  result  in  the  event  ol  a  breach  would  be 
a  return  to  the  condition  of  affairs  at  present  existing. 
As  the  waters  arc  already  charged  to  their  fullest  extent, 
no  larger  quantity  ol  debris  could  be  trans])()rtcd  to  a 
greater  distance  in  a  single  Hood.  The  report  of  Lieut.- 
Col.  G.  H.  Mendell  to  the  Secretary  o(  War  (1882)  treats 
in  detail  the  remedial  measures  proposed,  and  shows 
"  their  necessit)'  even  in  the  event  that  no  further  con- 
tribution be  made  to  mining  detritus  in  the  beds  of 
streams." 
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4.03 

5.92 

3.07 
3'7 

2.44 

2-57 

6.69 

9.70 

23-31 
31.72 

2-59 
4-44 

5-39 
7.96 

3-39 
5-.5 

(  North  Bloomfield  

2.75 

1.31 

4.50 

1.40 

1.19 

3-  i" 

'•39 

'•57 

1.78 

1.68 

1.06 

2.06 

"•95 

3-84 

5-73 

'■33 

1.82 

(  Bowman  

l.r^ 

2.65 

3-93 

2.85 

0.(19 

3-33 

2.06 

3-93 

8.90 

1.22 

1.16 

June      .  . , 

(  North  Bloomfield   

(  Bowman  

,.,/, 

0.04 

0.24 

0.12 

0.41 
I. .14 

0.25 
0.4s 

2.63 

2.38 

O.OI 

o.,6 

0.91 
1.17 

Sp'kle 

O.IO 

0.64 
0.71 

0.06 

'-57 
3-52 

0.63 
0.42 

July  

j  North  Bloomfield  

[  Bowman  

0.03 

Sp'kle 

Sp'kle 
0.88 

0.10 
0.06 

0.25 

1.71, 
1.28 

Sp'kle 

Sp'kle 
0.09 

0.05 

Sp'kle 

August. . . . 

j  North  Bloomfield  

;  Bowman  

0.7s 

0.02 
0.08 

Sp'kle 
0.13 

0.24 

O.IO 

Totals  

i  North  Bloomfield  

Bowman  

17.28 

54-49 

59.26 

70^55 

99.70 

49.04 

46.40 

35-71 

74-52 

U-J.22 

38.15 
55.45 

62.54 
88.19 

43-72 
50.27 

66.  jj 
93-''3 

36.05 
44^7i 

52-59 
64  72 

56.61 
75-46 

69.20 
95.60 

63-5' 
85.22 

5  "-"4 
67.09 

40.38 
53.52 

Note.— Observations  were  begun  at  North  Bloomfield  on  April  1,  1870.  From  Sept.  1,  1863,  to  March  31,  1870,  the  amount  of  precipitation  is  assumed  the  same  as  that  at  Nevada  City, 
the  gauge-readings  at  these  points  being  always  nearly  the  same. 
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CHAPTER  IX. 

MEASUREMENT  OF  FLOWING  WATER* 

Weirs. — The  direct  measurement  of  flowing  water  in 
a  stream  or  channel  can  be  made  in  various  ways.  Occa- 
sionally gauge  wheels  are  used,  but  the  method  is  expen- 
sive. Gauging  by  rectangular  overfalls  (weirs)  of  certain 
dimensions  and  under  certain  circumstances  gives  results 
within  one  per  cent,  of  absolute  exactitude  (Francis'  for- 
mula). 

In  employing  this  method  the  height  above  the  crest 
(jf  the  surface  of  still  water,  some  little  distance  back 
from  the  weir,  must  be  carefully  measured.  It  is  also  de- 
sirable that  there  should  be  no  considerable  current  to 
the  water  at  the  place  of  measurement. 

Orifices. — Flowing  water  is  measured  also  by  its  dis- 
charge under  pressure  through  an  aperture  of  regular 
section.  Though  it  is  not  theoretically  correct,  there  will 
be  no  practical  error  in  assuming  the  average  head  to  be 
from  the  centre  of  the  aperture  when  the  width  is  con- 
siderably less  than  the  height  of  the  water  above  the  top 
of  the  opening. 

Open  Channels. — The  measurement  of  the  surface 
velocity  of  water  passing  through  a  flume  or  canal  of  uni- 
form size  can  be  used  to  determine  its  discharge,  and  in 
some  cases  the  simple  calculation  of  discharge  made  by 

*  For  details  on  the  subject  of  the  measurement  of  water  see  "  The  Mechanics  of  Engineer- 
ing," by  Julius  Weisbach,  translated  by  E.  R.  Coxe ;  Francis'  Lowell  Hydraulics  "  ;  "  Re- 
port Mississippi  River,"  by  Humphreys  and  Abbot;  **  Hydraulic  Manual,"  by  Louis  D'A. 
Jackson  ;  **  The  New  Formulas  for  the  Mean  Velocity  of  Discharge  of  Rivers  and  Canals,"  by 
\V.  R.  Kutter  ;  "Hydraulic  Tables,"  by  Thos.  Higham  ;  "A  Treatise  on  Water-Supply 
Engineering,*'  by  J.  T.  Fanning  ;  "  Experiments  on  the  Flow  of  Water,"  by  A,  Fteley  and 
r.  P.  Stearns,  vol.  xii.  "Transactions  of  the  American  Society  of  Civil  Engineers." 
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multiplying  the  mean  velocity  due  to  the  grade  by  the 
average  cross  section  is  sufficiently  accurate.  The  dis- 
charge of  small  streams  is  obtained  more  exactly  by  till- 
ing vessels  of  known  capacity. 

Formula  for  Discharge  over  Weirs. — In  gauging 
large  quantities  of  water  over  weirs  Fteley  and  Stearns's 
general  formula  can  be  used  for  the  discharge  over  the 
simplest  form  of  sharp-crested  weir,  unaffected  by  end 
contractions  or  velocity  of  approach.  K  these  conditions 
exist  the  corrections  for  them  must  be  made  separately.* 

The  formula  is 

Q^3.3i  LH' 4- 0.007  L 

Q  is  the  quantity  in  cubic  feet  per  second,  L  the  length 
of  the  weir,  and  H  the  depth  on  the  weir  corrected  for 
velocity  of  approach.  This  formula  does  not  apply  to 
any  depth  of  the  weir  less  than  0.07  feet. 

Discharge  through  Trianguhir  Notches. — The 
right-angled  triangular  notch  of  thin  sheet  iron  is  a  very 
convenient  wa}-  of  measuring  the  discharge  of  water. 
According  to  Prof.  Thompson's  experiments,  the  dis- 

charge  in  cubic  feet  per  second  =  head-  (in  inches)  X 
0.005 1  • 

To  use  the  notch,  construct  a  weir  box,  O,  with  a  tri- 
angular notch,  Y,  made  of  iron,  fitted  in  one  end.  The 
edge  of  the  notch  must  be  sharp  and  bevelled  out,  and  the 
inside  face  must  be  placed  at  right  angles  to  the  surface 
of  the  water,  M.  Place  in  the  box  baffle  boards  or  strips, 
K  K,  to  render  the  surface  of  the  water  near  the  point  A 
uniform  or  still  (A  is  taken  about  18  to  24  inches  back  from 
the  weir  plate  Y).  Place  a  spirit-level  or  straight-edge  C 
on  the  weir  plate  at  E ;  measure  the  distance  at  A  from  C 
to  surface  of  water.  Subtract  this  from  H,  and  find  the 
difTerence  in  column  marked  h  of  Table  VII.    Opposite  h. 


*  See  "  Transiactions  American  Society  Civil  Engineers."  vol.  xii.  p.  3a. 
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in  column  Q,  will  be  found  the  number  of  cubic  feet  of 
water  flowing:  over  the  notch  in  one  minute. 


E 


E 


THE  miner's  inch. 


Fig.  7.  Construction  of 
Triangular  Weirs. 


The  miner's  inch  of  water  is  a 
quantity  which  varies  in  almost 
every  district  in  California  ;  no  one 
gauge  has  been  uniformly  adopted, 
nor  has  any  established  pressure 
been  aufixed  on  under  which  the 
water  shall  be  measured.  In  some 
counties  there  are  10,  11,  or  12 
hour  inches,  and  in  others  there  is 
a  24-hour  inch.  The  apertures 
through  which  the  water  is  mea- 
sured are  generally  rectangular,  but  vary  greatly  in 
width  and  length,  being  from  one  inch  to  twelve  inches 
wide  and  from  a  few  inches  to  several  feet  long.  The 
discharges  are  through  i-inch,  i^-inch,  2-inch,  and  3-inch 
planks,  with  square  or  with  square  and  chamfered  edges, 
combined  or  not,  as  the  case  may  be.  The  bottoms  of 
the  openings  are  sometimes  flush  with  the  bottoms  of  the 
boxes,  sometimes  raised  above  them.  The  head  may  de- 
note the  distance  above  the  centre  of  the  aperture,  or 
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Discharge  of  Water  tlirou^^h  a  Ri^ht  angUd  Triangular  Notch. 

Calculated  by  W.  R.  Eckarl,  C.E. 


It 

Head, 
inches. 

'  Q. 

(Quantity 
per  min.. 
cu.  ft. 

// 

He.id, 
inches. 

iQuVlity 
per  min  , 
ti>.  ft. 

/( 

'  Head. 
1  inches. 

g  ^ni 
per  min, 
111.  ft. 

h 

Head, 
inches. 

Q  < 

per  min, 
cu.  fl. 

/i 

'  Head, 
inches. 

1 

Quantity 
per  min.. 
cu.  fl. 

0  3i57 

25 

5-827 

j 

1  5 

.45 

21.22 

1  , 
1  7-65 

49.53 

1 

1  9-85 

93.18 

1 . 10 

0. 3804 

3 

.30 

6.054 

5 

.50 

21  .71 

-  70 

50.34 

1  9-90 

94-37 

1. 15 

0.43JO 

3 

•35 

6.2S5 

i  5 

.  55 

22.20 

7 

.75 

51 . 16 

i  9-95 

95-56 

1 .20 

0.4S27 

,  3 

.40 

6.523 

i  5 

60 

22 .  70 

■  7 

So 

51.99 

10,00 

96.77 

1.25 

0-5345 

-45 

0.  ,03 

1  5 

65 

23  -  22 

-  03 

52. 'S3 

10.05 

97.98 

1 .30 

0.589O 

3 

-50 

7.012 

5 

70 

23-74 

7 

.90 

53.67 

10. 10 

99  20 

1-35 

0.6480 

3 

-55 

7 . 266 

5 

75 

24,26 

!  8 

■93 

54.53 

10.15 

100.43 

r.40 

0 . 7096 

3 

Art 

7-524 

1  \ 

Ark 

24.79 

55-39 

10. 20 

101 .67 

I  - 15 

0.7747 

3 

63 

7.7»8 

1  \ 

23.33 

1  S 

O3 

-A  nA 
50  .  20 

10. 25 

102 .92 

1.50 

0.8432 

'  3 

.70 

0.050 

90 

25.87 

g 

57-14 

10.30 

104 . 18 

1-55 

0-9153 

3 

75 

8.332 

5 

95 

26.42 

s 

t  3 

58  03 

10.35 

105.45 

1 .60 

0.9909 

3 

80 

0  . 013 

A 

00 

26.  98 

s 

58.92 

10.40 

106. 73 

1.65 

I  070 

,  3 

05 

8.899 

05 

27.55 

g 

23 

59.82 

10.45 

I o3 . 02 

r.70 

I-I53 

3 

90 

9.  191 

A 
U 

10 

23 . 1 2 

g 

30 

60.73  ' 

10.  50 

109.31 j 

1-75 

1 . 240 

3 

95 

9.489 

A 
0 

15 

2S .  70 

c 

0 

35 

61.65 

10.55 

1 10.62 ' 

I -So 

1-330  1 

4 

00 

9.792 

20 

2*) .  2S 

g 

40 

62 . 53 

K).6o 

111.94 1 

1.S5 

I-424  j 

1  \ 

OS 

10.  ro 

25 

29.  03 

g 

■!5 

63-51 

10.65 

i 1 3 . 26 

1.90 

1.522 

\ 

10 

10.41 

A 

30 

30. 48 

g 

50 

64-45 

10.  70 

114.60 

'•95 

1.625  ! 

4 

15 

10.73 

A 
0 

35 

31. 0) 

0 

0 

55 

65.41 

10.75 

115.94 

».oo 

1-731 

■\ 

20 

1 1 .06 

A 

40 

31.71  i 

s 

60 

66.37 

10.80 

1 1 7 . 29 

2.05 

1 . 841 

A 

25 

11.39  i 

A 

45 

32.33 

8 

6S 

67  ■  34 

10.85 

1 1S.65 

2. 10 

1-955  1 

4 

30 

II  73 

6 

50 

32 . 96  1 

\ 

70 

68.32 

10.  go 

120.02 

2.15 

2.074 

4 

35 

I 2 • 07  1 

6 

55 

33 -60 

7=; 

69.30 

10.95 

121.41 

2.20 

2 . 196 

4 

40 

12.42 

6 

60 

34-24 

8 

80 

70.30 

11  .CO 

122.81 

2.25 

2.323 

45 

12.7S  1 

6 

65 

34-89 

8 

85 

11.05 

124.21 

2.30 

2.455 

! 

50 

13-14 

6 

70 

35  56 

8 

90 

72.31 

II .  10 

125.61 

2.35 

2.590 

55 

13-51 

6 

75 

35.23 

8 

95 

73.33 

11.15 

127.03 

2.40 

2.730 

60 

13-89 

6 

So 

36.89 

9 

00 

74.36 

11.20 

128.45 

2-45 

2.875  1 

\ 

65 

14-27 

\ 

85 

37.58 

9 

05 

75  40 

11.25 

129  90 

2.50 

3.024 

70 

14.65  ; 

90 

38.27 

9 

10 

76  44 

11.30 

131.35 

2-55 

3- 177  1 

75 

I5-<H 

6 

95 

38.96 

9 

15 

77  49 

11-35 

132.81 

2.60 

3-335 

4 

80 

15-44  i 

7 

00 

39.67 

9 

20 

78.55 

1 1 .40 

134.27 

2.6s 

3-498  ' 

4 

85 

15.85 

7 

05 

40.38 

9 

25 

79.63 

11-45 

135-75 

2.70 

3.666  , 

90 

16.26 

7 

10 

41.10  1 

9 

30 

80.71 

11.50 

137.23 

2-75 

3.838  1 

\ 

95 

16.68  1 

7 

15 

41S3 

35 

81.80 

11.55 

138.73 

2.80 

4  014 

5 

00 

17.11 

20 

42.56 

I 

40 

82.90  ' 

\i.(yO 

140  23  I 

2.85 

4.196 

5 

05 

17-54 

7 

25 

43.30 j 

9 

45 

84.01  , 

n.65 

141.75 

2.90 

4.382 

5 

10 

17.97  1 

7 

30 

44.06 

9 

50 

85.12  1 

11.70 

143-28 

2  95 

4.574 

5 

15 

18.42 

7 

35 

44.82  1 

9- 

55 

86.24 ! 

11.75 

144.82 

3.00 

4.770 

5 

20 

18.87 

7 

40 

45.58 

9 

60 

87. 37; 

11.80 

146.36 

305 

4.')7i 

5 

25 

19.32 

7 

45 

46.36 

9 

65 

88.52  1 

II. 85 

147.91 

3.10 

5.178 

5 

30 

19-79 

7 

50 

47.14 

9 

70 

89.67  1 

1I.<)0 

149-48 

3'5 

5 -358 

5 

35 

20.26 

7 

55 

47.92  . 

9- 

75 

90-83 , 

11.95 

151-05 

3.20 

5.605  1 

5 

40 

20.73  1 

7 

60 

48.72] 

9- 

80 

92.00 1 

12.00 

152.64 

I  cubic  foot  =  7.48  U.  S.  gals. ;  1  U.  S.  gal.  =  8.34  pounds. 
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TABLE  Vlll. 

Coefficients  of  Discharge  for  Hecfangu/ar  Orifices  in  thin  vertical 
partitions  7vith  greater  dimension  horizontal. 


From  Fanning's  Treatise  011  "  Water-Supply  Engineering." 


Breadth  and  Height  of  Omfices. 

Hescl  tipon 

centre  of 
Orifice, 
Keet. 

0.75  foot  liigh. 

0.50  foot  high. 

0.25  foot  high. 



0.125  foot  high. 

I  foot  wide. 

I  foot  wide. 

I  foot  wide 

I  foot  witle. 

,  0.2 

•"333 
•6334 

0  "5 

.6140 

.6293 

.60  ^  0 

.6306 

•6334 

.6150 

•6313 

•6333 

0.6 

.6063 

.6156 

■6317 

■6332 

0  1 

.UU74 

.6162 

.6319 

.6328 

0.8 

.6082 

.6165 

.6322 

.0320 

0  0 

.6086 

.6168 

•6323 

.6324 

1 .00 

•  60^0 

.6172 

.6320 

.6320 

T   2  C 

■  ^"^95 

•6173 

•6317 

.0312 

1.50 

610^ 

.6172 

•63'3 

•0303 

.6168 

.6307 

•6296 

2  00 

•  61  Ot^ 

.6166 

.6302 

.629 1 

.6163 

.6293 

•  O2o0 

■7  Co 

•6157 

.6282 

/o 

•6155 

.6274 

.6273 

3.00 

Cioo 

•6153 

.6267 

.6267 

■2  Co 

609  1 

•  6146 

.6254 

.6254 

4.00 

.6085 

.•6136 

.6236 

.6236 

*T- 0  ^ 

.6074 

.6125 

.6222 

■  6222 

5- 

.6063 

.61  14 

.6202 

.6202 

6. 

.6044 

.6087 

.6154 

.6154 

7- 

.6032 

.6058 

.61 10 

.6114 

8. 

.6022 

■6033 

.6073 

.6087 

9. 

.6015 

.6020 

.6045 

.6070 

10. 

.6010 

.6010 

.6030 

.6060 

15- 

.601 2 

.6013 

•6033 

.6066 

20. 

.6014 

.6018 

.6036 

.6074 

25- 

.6016 

.6022 

.6040 

.6083 

30. 

.6018 

.6027 

.6044 

.6092 

35- 

.6022 

.6032 

.6049 

.6103 

40. 

.6026 

.6037 

•6055 

.6114 

45- 

.6030 

.6043 

.6062 

.6125 

5°- 

•6035 

.6050 

.6070 

.6140 
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again  that  above  the  top,  and  varies  trom  4}^  inches  to  12 
inches  above  the  centre  of  the  aperture. 

The  Smartsville  inch  is  calculated  from  a  discharge 
through  a  four-inch  orifice  with  a  seven-inch  board  top; 
that  is  to  say,  the  head  is  seven  inches  above  the  opening, 
or  nine  inches  above  the  centre.  The  bottom  of  the  aper- 
ture is  on  a  level  with  the  bottom  of  the  box,  and  the 
board  which  regulates  the  pressure  is  a  plank  one  inch 
thick  and  seven  inches  deep.  Thus  an  opening  two  hun- 
dred and  fifty  inches  long  and  four  inches  wide,  with  a 
pressure  of  seven  inches  above  the  top  of  the  orifice,  will 
discharge  1000  Smartsville  miner's  inches.  Each  square 
inch  of  the  opening  will  discharge  1.76  cubic  feet  per 
minute,  which  appro.ximates  the  discharge  per  inch  of  a 
two-inch  orifice  through  a  three-inch  plank  with  a  head  of 
nine  inches  above  the  centre  of  the  opening,  the  said  dis- 
charge being  1.78  cubic  feet  per  minute.  The  Smartsville 
miner's  inch  will  discharge  2534.40  cubic  feet  in  twenty- 
four  hours,  though  in  that  district  the  inch  is  reckoned 
for  eleven  hours  only. 

Other  Inches. — The  miner's  inch  <}f  the  Park  Canal 
and  Mining  Company,  in  El  Dorado  County,  discharges 
1.39*  cubic  feet  of  water  per  minute.  The  inch  of  the 
South  Yuba  Canal  Company  is  computed  from  a  dis- 
charge through  a  two-inch  aperture,  over  a  one  and  one- 
hall  inch  plank,  with  a  head  of  six  inches  above  the  centre 
of  the  orifice. 

At  the  North  Bloomfield,  Milton,  and  La  Grange 
mines  the  inch  has  been  calculated  from  a  discharge 
through  an  opening  fifty  inches  long  and  two  inches 
wide,  through  a  three-inch  plank  (outer  inch  chamfered), 
with  the  water  seven  inches  above  the  centre  of  the  open- 
ing. 

Determination  of  the  Inch ;  Experiments  at 
Columbia  Hill. — To  determine  the  value  of  this  miner's 

inch,  a  series  of  experiments  was  made  at  Columbia  Hill, 

•  E>limated  by  J.  }.  Crawford,  .M.K. 
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latitude  39°  N.,  elevation  2,900  feet  above  the  sea-level. 
The  tnodiilc  used  was  a  rectanj^ular  slit  fiftv  inches  long 
and  two  inches  wid?,  with  head  seven  inches  above  the 
centre  of  the  ()[)ening.  The  dis- 
charge was  over  a  three-inch 
plank,  the  outer  inch  chamfered, 
as  shown  in  Fig.  8.  The  size  of 
the  opening  was  taken  with  a 
measure  (micrometer  attached) 
which  had  been  compared  with 
and  adjusted  to  a  standard 
United  States  yard.  Time  was 
read  to  one-hfth  of  a  second ; 
the  level  of  the  water  (drawn 
from  a  large  reservoir)  was  de- 
termined with  Bovden's  hook,  micrometer  adjustment. 
The  following  results  were  obtained  : 


One  miner's  inch  will  discharge  in  i  second. 
"  "  "         "  I  minute. 


.026  cubic  feet. 
1.57 


"  "  "         "  I  hour   94.2  " 

"  "         "  24  hours  2260  8  " 

The  coefficient  of  efflux  is  61.6  per  cent.  These  figures 
are  within  the  limit  of       possible  error.* 

As  the  two-inch  aperture  requires  too  much  space  for 
gauging  large  quantities  of  water,  custom  has  changed  the 
form  ol  the  module,  and  an  aperture  twelve  inches  high 
by  twelve  and  three-quarter  inches  wide,  through  a  one 
and  one-half  inch  plank,  with  a  head  of  six  inches  above 
the  top  of  the  discharge,  is  now  used.  These  openings 
discharge  what  is  accepted  as  200  miner's  inches. 

A  series  of  experiments  was  made  at  La  Grange, 
Stanislaus  County,  California,  latitude  37°  41'  N.,  eleva- 
tion 216  feet  above  the  level  of  the  sea,  to  determine  the 
value  of  the  inch  thus  delivered  in  the  claims.  The  re- 
sults here  given  are  the  mean  of  a  series  of  gaugings 


*  The  experiments  were  made  in  1874  by  H.  Smith,  Jr.,  C.E. 
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taken  from  nine  different  apertures,  discharging  in  the 
aggregate  1,800  miner's  inches. 

The  water  was  drawn  directly  from  a  flume  and  dis- 
charged into  a  small  reservoir,  across  the  lower  end  of 
which  was  fitted  a  gauge.  The  velocity  of  the  water 
issuing  from  the  flume  was  broken  by  several  drops  as  it 
entered  the  reservoir,  and  the  gauge  at  the  lower  end 
was  raised  sufficiently  to  prevent  any  flow  due  10  an 
increased  velocity  which  might  have  been  acquired  in  the 
Hume. 

The  level  of  the  water  was  determined  with  a  Boy- 
aen's  hook. 

'  The  discharge  from  the  module  was  caught  in  a  flume 
and  conducted  to  a  box  fitted  and  levelled  for  the  pur- 
pose. Time  was  read  to  one-fifth  of  a  second.  The  fol- 
lowing results  were  obtained : 

One  miner's  inch  discharged  in  i  second   .02499  cubic  f^^'- 

"  "  "  ■'  I  minute   i  4994  " 

"  "  "  "  1  hour   89.9640  " 

"  "  "  "  24  hours  2159. 1460  " 

Effective  coefficient  of  efflux,  59.05  per  cent.* 

An  experiment  on  a  single  aperture  of  this  form,  made 
bv  Hamilton  Smith,  Jr.,  gave  a  discharge  of  2179.4  cubic 
feet  per  miner's  inch  in  twenty-four  hours.  The  2,230 
cubic  feet  of  the  North  Bloomfield  inch  can  onlv  be  con- 
sidered an  assumed  rough  estimate  of  discharge  in  twen- 
ty-four hours  for  one  miner's  inch. 

The  theoretical  velocity,  in  feet  per  second,  of  a  fluid 
flowing  into  the  air.  through  openings  in  the  bottoms  or 
sides  of  a  vessel  or  reservoir,  the  surface  level  of  which  is 
kept  constantly  at  the  same  height,  is  equal  to  that  which 
a  heavy  body  would  acquire  in  falling  through  a  space 
equal  to  the  depth  of  the  opening  below  the  surface  of  the 
fluid,  and  is  expressed  as  follows : 


♦  The  experiments  were  made  by  ihc  author. 
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v=  ^2gh 

In  which  7^=veIocity  in  feet  per  second. 

^)  =  the  acceleration  of  gravity. 
/;  =  the  height  fallen  in  feet. 

This  is  called  Torricelli's  theorem,  which  supposes  in- 
definitely small  orifices  with  thin  sides,  and  assumes  that 
the  upper  surface  of  the  water  and  the  orifices  are  under 
the  same  conditions  as  regards  atmospheric  pressure. 
Conditions  and  size  of  sectional  area  of  the  aperture,  fric- 
tion, resistance  of  the  air  to  motion,  and  pressure  of  the 
atmosphere  are  all  neglected. 

The  value  of  o- varies  in  different  latitudes,  but  lor  all 
practical  purposes  is  taken  as  equal  to  32.2. 

The  theoretical  head= — 

The  acceleration  of  gravity  at  latitude  45''  =  32.I7  feet 
per  second,  being  represented  by  g ;  for  any  other  lati- 
tude, /. 

g'=g  (l  —0.002588  cos  2/)  * 

If  g  represents  the  acceleration  of  gravity  at  the 
height  h,  and  r  the  radius  ot  the  earth,  the  acceleration  of 
gravity  at  the  level  of  the  sea  equals 

^■-(■  +  7) 

Flow  of  Water  in  Open  Channels.— There  is  no 
generally  accepted  formula  for  determining  the  velocity 
of  water  in  open  channels.  The  tables  based  on  the  old 
formulas  published  prior  to  the  works  of  D'Arcy  and  Ba- 
zin  in  France,  and  of  Humphre3^s  and  Abbot  in  the 
United  States,  being  founded  on  data  which  ignored  the 
important  factor  of  the  nature  of  the  bed  and  the  sides  of 
the  channel,  have  proved  unsatisfactory.    Hydraulic  en- 

*  See  professional  papers.  Corps  of  Engineers  U.  S.  A.,  No.  12,  page  20. 
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gineers  have  been  compelled  to  rely  for  correctness  of 
calculated  results  on  the  application  of  a  combination  of 
a  few  known  laws  with  experimental  data,  which  latter, 
thous^h  all-imi)ortant,  have  been  too  restricted  for  ihe  de- 
duction of  a  reliable  mathematical  theory. 

The  formulas,  in  terms  of  dimensions  of  cross  section 
and  slope,  are  based  upon  the  supposition  of  either  "  per- 
manent "  or  "uniform"  motion.  Permanent  motion  ap- 
proaches the  condition  of  streams,  permits  changes  of 
cross  section  and  slope  of  the  water-surface,  excepting 
sudden  bends,  causing  eddies  and  undulations,  but  de- 
mands that  the  discharge  from  the  different  sections  should 
be  identical.  Uniform  motion,  in  addition,  requires  an 
invariable  cross  section  and  constant  slope  of  the  fluid- 
surface.  The  general  formulas  based  on  permanent  mo- 
tion differ  from  those  restricted  to  uniform  motion,  "  by 
taking  into  account  changes  of  living  force  produced  by 
changes  of  cross  section  at  the  different  points."  *  If 
there  are  no  variations,  the  difference  between  the  for- 
mulas disappears. 

Chezy  considered  that  the  resistances  encountered  by 
water  in  uniloim  motion  were  in  direct  proportion  to  the 
length  of  the  wetted  perimeter,  to  the  length  of  the  chan- 
nel, and  to  the  square  of  the  mean  velocity  ;  from  which 
he  deduced  the  formula, 

v=c  \r- 

V  is  the  mean  velocity  in  feet  per  second. 
c  a  coefficient  taken  at  a  constant  value. 
r  the  mean  hydraulic  radius  in  feet. 
s  the  fall  of  surface  in  a  unit  of  length. 

The  equation  indicates  the  relation  of  the  mean  veloci- 
ty to  the  slope  and  the  mean  hydraulic  radius.  The  value 
of  the  coefficient  c  has  been  empirically  demonstrated  to 


*  Hrimphreys  and  .Abboi,  Mississippi  Report,  p.  207. 
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have  a  wide  range.  This  formula,  however,  has  been 
considered  the  simjjlest,  and  has  been  used  bv  many  engi- 
neers, different  vahies  being  given  to  c,  varying  from 
84  to  100  for  large  streams,  and  being  as  low  as  68  for 
small  streams.  "  Though  there  is  abundant  evidence," 
says  Higham  (p.  5),  "  that  the  latter  is  much  too  high  for 
low  values  of  v  in  earthen  channels,  and  that  100  is  too 
low  for  very  large  rivers,  as  high  a  value  as  254.4  having- 
been  deduced  from  the  Mississippi  observations." 

D'Arcy  and  Bazin,  by  their  experiments  on  channels  of 
moderate  section  with  limited  variation  of  grades,  proved 
that  the  coefficient  c  involved  not  only  r  and  s,  but  "also 
a  constant  for  the  different  degrees  of  roughness  of  the 
channel,  the  formula  being  applicable  within  certain  limits 
of  inclination  and  values  of  r. 

Humphreys  and  Abbot  make  the  velocity  vary  with 
the  fourth  root  of  the  inclination,  while  Hagen  assumes 
the  velocity  to  vary  with  the  sixth  root. 

Ganguillet  and  Kutter  considered  that  the  Chezy 
formula,  v—c\/ys,  was  the  correct  point  of  departure,  but 
that  the  coefificient  should  be  made  variable,  involving 
not  only  r  and  s,  but  likewise  a  constant  for  different  de- 
grees of  roughness  in  the  bed  or  channel. 

The  final  formula  adopted  by  Ganguillet  and  Kutter, 
which  within  certain  limits  of  inclination,  and  especially 
in  regular  channels,  will  give  very  satisfactory  results,  is 
the  following : 


1. 811 


;..+(4..( 


0.00281V, 


\  Vrs 


The  coefficient  of  roughness,  A^,  is  dependent  on  the 
nature  of  the  beds  and  sides.  The  useful  values  of  this 
coefficient  are  as  follows  : 
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Nature  of  Sides  of  Channel.  Coefficient  of  Roughness. 

Well  planed  timber  A'=o.0O9 

Plaster  in  pure  cement   o.oiu 

"       '•  cement  one-third  sand   o.oil 

Unplaned  timber    0012 

Ashlar  and  brick  work    0.013 

Canvas  lining  on  frames     0.015 

Rubble   0.017 

Canals  in  very  firm  gravel   0.020 

Rivers  and  c.mals  in  perfect  order  and  regimen,  and  perfectly 

free  from  stones  and  weeds  '   0.025 

Rivers  and  canals  in  moderately  good  order  and  regimen,  having 

stones  and  weeds  occasionally   0.030 

Rivers  and  canals  in  bad  order  and  regimen,  overgrown  with 

vegetation  and  strewn  with  stones  or  detritus  of  any  sort. . . .  0.035 

Torrential  streams  encumbered  with  detritus   0.050 


Ditches  in  Calilbriiia.— In  the  mining  districts  of 
California  ditches  are  constructed  'boldly,  with  steep 
grades  and  on  irregular  lines  with  numerous  sharp 
curves.  The  cross  sections,  originally  uniform,  become 
more  or  less  varied.  Absorption,  percolation,  evapora- 
tion, and  leakage  reduce  the  flow.  A  distinct,  reliable 
factor  for  each  of  these  sources  of  loss  cannot  well  be  in- 
corporated in  the  coefficient  of  discharge.  If,  then,  it  is 
intended  to  cover  all  of  these  common  sources  of  loss  by 
such  a  coefificient,  its  value  must  be  a  material  modifica- 
tion of  values  commonly  given  in  the  te.xt  books.  It 
would  be  certainly  an  affectation  f)f  accuracy  to  apply  so 
complicated  a  formula  as  that  of  Kuttcr  in  such  a  case, 
since  the  modifving  conditions,  which  can  be  estimated 
but  roughly,  call  for  a  large  reduction  of  the  calculated 
result.  This  will  be  apparent  from  the  measurements 
of  discharge  given  further  on.  The  simple  formula, 
Q  =  acVrs,  expresses  more  fitly  the  result  of  experience 
in  such  cases,  wherein — 

Q  is  the  quantity  of  water  which  the  ditch  is  capable  of 
carrying  in  cubic  feet  per  second. 

a  the  effective  area  of  cross  section  of  ditch,  as  origin- 
ally constructed,  in  square  feet. 
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r  the  hydraulic  mean  depth  in  feet. 
s  the  fall  of  surface  in  a  unit  of  length. 
c  a  coefficient  covering  all  common  losses. 

Exaiiii>le.s  of  Value  of  Coefficient  in  Ditches. — 

In  its  application  to  the  North  Bloomfield  main  ditch* 
(length  40  miles,  sectional  area  23.89  square  feet,  grade  16 
feet  per  mile),  with  its  abrupt  turns  and  sinuous  course, 
the  value  of  the  coefficient  c,  as  determined,  varies  from 
44.7  to  37.7  in  accordance  with  the  season  of  the  year. 

The  Texas  Creek  f  branch  ditch  is  about  seven-tenths 
of  a  mile  long.  Its  sectional  area  is  13.5  feet  and  the 
grade  is  20  feet  per  mile.  The  sides  are  rough  and  the 
curves  are  sharp.  Witii  a  flow  of  32.8  cubic  feet  per  sec- 
ond, the  ditch  runs  about  full.  The  value  of  £■  =  33.  In 
connection  with  this  ditch  there  is  a  rectangular  flume 
2.67  feet  wide  X  2.83  feet  deep,  made  of  unplaned 
boards,  set  on  a  grade  of  32  feet  per  mile.  The  flume 
has  some  sharp  but  regular  curves,  and  the  water  from 
the  ditch  runs  it  nearly  full  at  these  points.  With  the 
discharge  32.8  cubic  feet  per  second,  c=  59. 

On  the  Milton  line,  from  Milton  to  Eureka,  a  distance 
of  19.4  miles,  the  sectional  area  of  the  ditch  is  20.39  square 
feet,  grade  19.2  feet  per  mile  for  the  earthwork  and  32 
feet  per  mile  for  flume.  The  line  is  very  irregular,  hav- 
ing many  drops  and  chutes.  The  distance  from  Milton 
to  the  measuring  box  at  Bloody  Run  is  29^  miles.  The 
minimum  established  grade  for  the  last  10. i  miles  was  16 
feet  per  mile,  with  a  sectional  area  for  the  ditch  of  23.05 
square  feet.  The  coefficient  c,  determined  from  the  gaug- 
ing at  the  measuring  box,  has  varied  from  22  in  its  leakiest 
condition  to  31,  which  latter  can  be  taken  as  correct  for 
the  present  condition.  In  the  succeeding  30  miles  below 
the  gauge,  owing  to  a  better  character  of  ground,  the  co- 
efficient reaches  41. 

*  Increased  capacity  of  this  ditch  is  limited  by  the  pipes  acr-iss  Humbug  Cafion. 
+  For  details  of  Texas  Creek  flitch  and  flume  see  paper  by  Hamilton  Smith.  Jr.,  *'  Trans- 
actions Am.  Soc.  C.F,.,"  vol.  xiii.  pp.  30-31. 
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The  La  Grange  main  ditch,  17  miles  long,  has  a  sec- 
tional area  of  22.5  square  feet,  and  a  grade  of  7  feet  per 
mile.  From  the  delivery,  56.5  cubic  feet  per  second,  at 
its  Patricksvillc  junction  the  coefficient  c  is  determined  to 
be  52,  but  it  is  based  upon  the  assumption  that  the  depth 
of  the  canal  is  3  feet,  whereas  in  the  original  construction 
it  was  supposed  to  have  been  made  4  feet  deep ;  the  dis- 
charge therefore  due  to  such  a  sectional  area  would  nec- 
essarily diminish  the  ascribed  value  of  c* 

In  all  these  canals,  after  the  artificial  banks  are  well 
consolidated,  the  water  area  is  increased  beyond  the  ori- 
ginal excavation  in  the  natural  ground. 

Accuracv  cannot  be  expected  in  calculating  the  values 
of  Q  for  proposed  ditches  of  such  character,  important 
losses  must  vary  in  every  ditch,  depending  on  the  nature 
of  the  ground,  and  the  character  of  the  construction  of 
the  work,  and  the  season  of  the  year.  The  feeders  along 
the  lines  largely  compensate  for  these  losses.  In  order  to 
be  safe  in  estimating  the  capacity  of  a  ditch,  the  value  of 
the  coefficient  c  for  the  drv  season  should  be  taken. 

The  following  facts  show  the  magnitude  of  the  losses 
due  to  absorption,  leakage,  evaporation,  etc. 

Three  thousand  miner's  inches  of  water  (a  flow  of  75 
cubic  feet  per  second)  turned  in  during  the  dry  season  at 
the  head  of  the  Bloomfield  ditch  will  deliver  2.700  inches 
(67.5  cubic  feet  per  second)  at  the  gauge  40  miles  distant. 
2,400  inches  of  water  (60  cubic  feet  per  second)  turned  in 
at  the  head  of  the  Milton  ditch  formerly  delivered  at  the 
gauge,  29J  miles  distant.  1,450  to  1,600  inches  (36.25  to  40 
cubic  feet  per  second) ;  but  at  j)resent  2,500  inches  (62.5 
cubic  feet  per  second)  turned  into  the  head  of  the  ditch 
delivers  2,000  inches  (50  cubic  feet  per  second)  at  the 
gauge.  The  exact  loss  of  water  between  the  head  of  this 
ditch  and  the  measuring  box  is  shown  in  the  following 


*  The  grades  Riven  in  .-ill  the  ahove  cases,  from  which  the  different  vahies  of  c  were  calcu- 
lated, are  otherwise  independent  of  the  drops,  chutes,  flumes,  etc.  Sectional  areas  represent 
minimum  crosi  sections. 
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summary,  taken  from  the  official  records  for  the  month  of 
August  for  the  years  1875  to  1882  inchisive.  This  month 
is  taken  as  a  dry  month,  as  prior  to  that  time  the  nume- 
rous side  streams  swell  the  amount  delivered  at  the 
gauge : 

REC  >RD  FOR  AUGUST. 
Water  turned  in  at  Milton,  — Water  record  at  Bloody  Run. — 


Year.  24-hour  inches.  24-hour  inches.  Per  cent. 

1875   44,000  34.950  79-4 

1876   59.700  42,625  71.3 

1S77   C>7,875  44,700  65.9 

1878   76,050  58,875  77.4 

1879   82,725  51,350  62.0 

1880   74,080  55.325  74-7 

1551   66,850  48,325  72.3 

1552   68,300  50,984  74.4 


The  Eureka  Lake  ditch,  with  2,500  inches  turned  in  at 
the  head,  delivers  at  the  gauge,  33  miles  distant,  about 
1,800  inches  in  the  dry  season. 

The  above  statistics  lead  to  the  adoption  of  values  of 
the  co-efficient  c,  varying  from  31  to  45,  in  estimating  the 
capacity  of  ditches*  on  heav}*  grades  of  forty  miles  length 
flowing  from  sixty  to  eighty  cubic  feet  per  second,  such 
as  referred  to — that  is  : 

(2  =  31  to  45  «  \'rs 

The  loss  incurred  in  the  distribution  of  water  is  de- 
noted by  the  following  figures,  taken  from  the  official 
records  of  two  mining  companies.  The  amount  received 
is  measured  at  or  near  the  distributing  reservoirs;  the 
amount  used,  at  or  near  the  pressure  boxes.  The  differ- 
ence shows  the  losses  from  leakage,  evaporation,  absorp- 
tion, and  wastage  arising  from  excess  of  constant  sup- 
ply over  the  amount  needed,  with  interruptions  at  the 
claim  : 

*  These  ditches  are  constructed  on  the  rough  mountain  sides  in  rock  more  or  less  disin- 
tegrated. 
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NORTH  BLOOMFIELD  COMPANY  (24-HOt'R  INCHES). 


Year.                         Amount  Received.  Amount  Used.  Loss. 

1870  to  1879,  inch.       5,838,865  5.504.758  334,107=6  per  cent. 

1880                            945.550  920,612  24,938=2^  " 

1881*                           950,340  866,962  83,378=9  " 

1882                          1,025.880  1,005,977  19,903=2  " 

1883-                            862,660  836,251  26,409=3  " 

14  years                      9,623,295  9,134,560  488,735  =  5  per  cent. 

MILTON  COMPANY  (24-HOUR  INCHES) 

1882                              685,933  635,884  50,049=  7  per  cent. 

l883t                             446.224  361.877  84,347  =  19 

3  years                        1,132,157  997,761  134,396=  13  per  cent. 


*Much  water  ran  to  waste  during  four  months,  owing  to  cessation  of  work  caused  by 
litigation. 

t  English  reservoir,  from  which  source  the  mal.i  water-supply  wa<  obtained,  was  de- 
•troyed  June  18.  1883. 
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DITCHES  AND  FLUMES. 
DITCHES. 

The  demand  for  water  throughout  the  mining  districts 
has  caused  the  construction  of  thousands  of  miles  of 
ditches.  The  cost  of  these  has  been  immense,  but  the 
returns  on  legitimate  enterprises  have  well  repaid  the 
capital  invested.  On  account  of  the  rugged  character  of 
the  country  traversed  by  the  ditch  lines,  in  order  to  lessen 
the  cost  and  expedite  the  work,  steep  grades  were  used, 
high  trestles  were  built  (in  some  instances  supporting 
large  flumes  at  elevations  of  two  hundred  to  two  hundred 
and  fifty  feet),  and  vvrought-iron  pipes  were  introduced 
for  conveying  the  water  across  the  valleys  and  canons. 
The  boldness  with  which  these  works  were  undertaken 
was  characteristic  of  their  originators. 

Location  and  Construction  Principles.— In  lo- 
cating and  constructing  ditches  the  following  rules  should 
be  observed  : 

(1)  The  source  of  supply  should  be  at  sufficient  eleva- 
tion to  cover  the  greatest  range  of  mining  ground  at  the 
smallest  expense,  great  hydrostatic  pressure  being  always 
desirable. 

(2)  An  abundant  and  ])crmanent  supply  of  water  dur- 
ing the  summer  months  should  be  secured. 

(3)  The  snow  line,  when  possible,  should  be  avoided, 
and  the  ditch,  especially  in  snow  regions,  located  so  as  to 
have  a  southern  exposure. 

(4)  All  water-courses  on  the  line  of  the  ditch  should 
be  secured ;  their  supply  partially  counteracts  the  loss  by 
evaporation,  leakage,  and  absorption,  and  frequently  fur- 
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nishes  an  additional  quantum  ot  water  during  several 
months  of  the  year. 

(5)  At  proper  intervals  waste-gates  should  be  arranged 
so  as  to  discharge  the  water,  when  necessary,  without 
risk  of  damage  to  the  ditch.  in  regions  of  heav)'  snow 
these  waste-ways  should  be  provided  at  intervals  not 
greater  than  one-half  a  mile. 

(6)  Ditches,  when  practicable  and  the  cost  not  being 
excessive,  should  be  preferred  to  flumes. 

Surveying  a  Ditch  I.iiie.  -In  the  preliminary  ex- 
amination for  tiie  location  of  a  U>ng  ditch,  by  means  of 
careful  comparative  obser\ations  made  with  good  aneroid 
barometers,  theelcvations  not  only  of  the  termini,  but  also 
of  intermediate  points  from  which  diiTcrcnt  surveying 
parties  can  start  on  the  subsequent  location  of  the  line, 
can  be  approximately  determined. 

The  various  necessary  points  once  established  by  sur- 
vey, the  line  is  staked.  In  levelling,  all  turning  points 
should  be  made  on  grade.  The  stations  should  be  pro- 
perly numbered  and  staked,  and  pegs  driven  to  grade. 
Every  four  or  five  stations  the  rodman  should  be  required 
to  call  off  the  reading  of  the  rod,  whicii  is  checked  by  the 
notes  of  the  surveyors.  Stations  may  be  from  fifty  to 
one  hundred  feet  apart  on  ordinary  ground,  but  a  very 
irregular  country  demands  shorter  intervals,  sometimes 
of  a  rod  only.  Bench  marks  should  be  placed  every  one- 
fourth  or  one-half  mile  for  convenient  reference. 

All  details  of  tunnels,  cuts,  and  depressions  which  re- 
quire fluming  or  piping  should  be  worked  out  in  full.  In 
this  work  the  hand  level  can  often  be  employed  with  ad- 
vantage. Complete  notes  should  be  made  of  the  charac- 
ter of  the  ground  along  the  entire  line,  and  also  of  any 
possible  changes. 

The  size  of  a  ditch  is  regulated  by  its  requirements. 
Its  form  will  be  modified  often  by  circumstances  of  which 
the  engineer  is  the  judge.  Th^  smallest  section  for  any 
given  discharge  is  when  the  hydraulic  mean  depth  is  one- 
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half  of  the  actual  depth.  As  a  general  proposition,  this  is 
the  most  econ(jmical  form  of  profile  for  water-channels 
with  given  side  slopes.  The  amount  of  excavation  is  the 
least  in  that  channel  where  the  wetted  perimeter  for  a 
given  area  is  the  smallest.  In  practice  the  forms  common- 
ly adopted  for  ditches  and  flumes  are  trapezoidal  and  rect- 
angular. 

With  rectangular  profiles  the  resistance  due  to  friction 
is  the  smallest  when  the  width  is  twice  the  height. 

Of  trapezoidal  profiles,  the  half  of  a  regular  he.vagon  is 
generally  used  in  canals  and  ditches. 

Circular  and  square  profiles  are  employed  only  in 
stone,  wood,  and  iron  constructions. 

Narrow  and  Deep  vs.  Broad  and  Shallow 
Ditches. — In  a  mountainous  country  narrow  and  deep 
ditches  with  steep  grades  will  generally  be  found  prefer- 
able to  large  conduits  with  gentler  slopes.  The  first  cost 
of  excavation  is  much  less,  as  is  also  tiie  cost  of  repairs 
rendered  necessary  by  snows  and  severe  storms,  the  nar- 
rower aqueduct  being  more  easil}'  protected.  The  ex- 
perience of  the  ditch-builders  in  this  State  has  been  uni- 
formly favorable  to  these  steep  grades,  but  little  trouble 
being  caused  by  the  washing  of  the  banks  due  to  high 
velocities.  In  the  valleys  with  ashy  soil  such  grades,  of 
course,  would  not  be  practicable. 

Ditches  in  California  with  carrying  capacities  as  large 
as  80  cubic  feet  per  second  have  been  built,  and  are  now 
in  successful  operation,  with  grades  of  sixteen  to  twenty 
f  et  per  mile. 

Excavating  the  Ditch. — Before  the  work  of  exca- 
vating is  commenced  the  line  is  cleared  of  trees  and  un- 
derbrush for  a  sufficient  width  to  render  work  afterwards 
easy  and  to  prevent  subsequent  damage  to  the  ditch.  All 
trees  which  are  liable  to  fall  and  injure  the  work  should 
be  removed  before  construction  begins.  On  a  flume  line 
the  brush  for  at  least  ten  feet  on  each  side  is  burned  as  a 
precaution  against  fire.    So  far  as  possible,  and  especially 
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along  a  side  hill,  the  ditch  should  be  dug  so  as  to  have 
walls  of  solid,  untouched  ground,  and  not  made  banks. 
The  top  of  the  solid  bank  on  the  lower  side  should  be  fully 
three  feet  wide.  In  such  cases  the  top  soil  is  first  re- 
moved for  the  width  of  the  ditch  and  bank  ;  the  material 
excavated  to  form  the  ditch  is  used  to  raise  the  lower 
bank,  and  in  time  consolidates  to  firm  ground,  thus  in- 
creasing the  capacit}'  of  the  ditch. 

The  digging  of  ditches  isusuallv  let  bv  contract  at  a 
given  sum  per  rod,  and  heavy  cuts  per  cubic  vard.  It  is 
customar\'  to  e.xcavate  large  ditches  with  a  slope  of  60° 
f(jr  the  upper  and  65°  for  the  lower  bank.  These  slopes, 
of  course,  the  engineer  will  vary  in  accordance  with  the 
ground  encountered.  In  practice  they  are  changed  even- 
tually by  erosion  and  denudation ;  but  experience  seems 
to  warrant  the  above-mentioned  slopes  as  the  best  to  be 
adopted  in  laving  out  such  works. 

In  large  mining  ditches  constructed  with  high  grades 
and  running  large  amounts  of  water,  the  erosion  and  con- 
sequent enlargement  of  the  ditch  (when  kept  in  order)  is 
noticeable;  moreover,  the  banks  gradually  become  solidi- 
fied, and  thereb}-  the  loss  b)-  leakage  and  absorption  is  de- 
creased. It  is  roughly  estimated  that  the  capacity  of  a 
well-constructed  ditch  which  is  properly  kept  up  is  in- 
creased about  10  per  cent,  in  eight  3  ears. 

Ditches  poorly  built  in  the  beginning  subsequently 
require  large  and  constant  expenditures,  and  lose  con- 
siderable amounts  of  water.  The  annual  cost  of  rimning 
and  maintaining  large  ditches,  including  all  repairs  and 
taxes,  is  estimated  to  be  S400  per  mile. 

Examples  of  Ditches. — Among  the  principal  ditches 
in  the  State  are  the  North  Bloomfield,  the  Milton,  the 
Eureka  Lake,  the  San  Juan,  the  South  Vuba  Canal,  the 
Excelsior  or  China  ditch,  the  Bouyer,  the  Union,  the  EI 
Dorado,  the  Spring  Valley  and  Cherokee,  the  Hendricks 
and  the  La  Grange. 

>'orth  Bloomfield. — The  North  Bloomfield  main 
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ditch,  including  distributers,  is  fifty-five  miles  long.  Its 
size  is  8.65  feet  on  top,  5  feet  at  bottom,  and  3 feet  deep. 
The  ditch  and  distributers  cost  $466,707.  Its  grade  is  six- 
teen feet  per  mile,  discharging  3,200  miner's  inches. 

Milton  Com- 
pany.— The  Milton 
Company's  ditch- 
es are  eighty-four 
miles  long,  and  their 
grades  are  from 
twelve  to  thirty- 
two  feet  to  the  mile. 
The  size  of  the  main 
ditch  is  4  feet  on 
the  bottom,  7.6  feet  F"^-  9-  North  Bloomfield  Main  Ditch. 
on  top,  and'  1%  feet  ''^"^  ^^-^^  sq.  ft. 

deep,  discharging  3,000  miner's  inches  ;  cost,  $462,998. 


Fig.  10.    Thf.  Milidn  Ditch. 


Eureka  Lake. — The  Eureka  Lake  main  ditch  is 
eighteen  miles  long  and  has  a  capacity  of  2,500  miner's 
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inches.  Its  cost,  including  water  rights  and  flumes,  was 
$256,000.  The  San  Juan  ditch  and  branches  extend  some 
forty-five  miles  in  length  ;  the  main  ditch  is  thirty-two 
miles  long,  and  its  capacity  is  1,300  miner's  inches.  The 
cost  was  $292,992.  These  two  last  mentioned  ditches  be- 
long to  the  Eureka  Lake  and  Yuba  Canal  Company. 

South  Yiiba  Canal  Company. — The  main  ditch  of 
the  South  Yuba  Canal  Company  (from  the  head  of  Bear 
River)  is  one  and  one-half  miles  long,  six  feet  wide  on  top, 
and  five  feet  deep,  with  a  grade  of  thirteen  feet  per  mile. 
Its  present  capacity  is  said  to  be  7,000  miner's  inches. 
From  Bear  Valley  (the  junction  of  the  main  and  the  Dutch 
Flat  ditches)  the  size  of  the  canal  for  the  succeeding 
thirty-one  and  one-half  miles  is  six  feet  wide  on  top,  four 
and  one-half  feet  deep,  with  a  grade  of  eight  feet  to  the  mile. 
The  Dutch  Flat  ditch  is  thirteen  miles  long  ;  it  is  six  and 
one-half  feet  wide  on  top,  four  feet  deep,  and  has  a  grade 
of  thirteen  and  one-half  feet  per  mile.  The  capacity  of  this 
ditch  is  3,150  miner's  inches.  The  Chalk  Bluff  ditch  is 
six  feet  wide  on  top  and  five  feet  deep,  with  a  grade  of 
sixteen  feet  per  mile,  and  has  a  capacity  of  4,100  miner's 
inches.  The  several  ditches  owned  by  the  South  Yuba 
Company  have  an  aggregate  length  of  one  hundred  and 
twentv-eight  miles. 

Smartsville  Ditches. —The  Excelsior,  or  China, 
ditch  at  Smartsville  is  thirty-three  miles  long,  five  feet 
wide  at  the  bottom  and  eight  feet  on  top,  and  is  four  feet 
deep.  The  grade  is  nine  feet  to  the  mile,  and  the  ditch 
discharges  1,700  Smartsville  miner's  inches.  ^ 

The  Bou3'er  and  Union  ditches  are  each  about  fifteen 
miles  long,  four  feet  wide  on  the  bottom,  eight  feet  on 
top,  and  three  and  one-half  feet  deep.  Their  grades  are 
thirteen  feet  to  the  mile,  and  each  discharges  1,200  Smarts- 
ville miner's  inches. 

There  are  several  minor  ditches  which  deliver  wa- 
ter in  and  around  Smartsville.  The  total  capacity  of  all 
these  ditches  is  5,000  Smartsville  miner's  inches,  and  the 
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whole  investment  in  this  class  of  property  approximates 
$1,200,000. 

Spring  Valley. — The  Spring  Valley  and  Cherokee 
ditch  is  hfty-two  miles  long  and  has  about  four  miles  of 
iron  pipe  thirty  inches  in  diameter.  The  size  of  the  ditch 
averages  five  feet  wide,  three  and  one-half  feet  deep,  dis- 
charging about  2,000  inches  of  water. 


m-SEtTIOtJj  ~WrsT^F/-  -  GRADE  7}  FT. 
•■'■m.  i        <  -  .      PER  MILE 


Fig.  II.    La  Grange  Ditch. 


Fig.  12.  Section  of  Wall  Ditch  on  Line  of  La  Grange 
Mining  Company's  Ditch. 


Hendricks. — The  Hendricks  ditch,  in  Butte  County, 
is  forty-six  and  one-half  miles  long;  grade  of  the  upper 
line  of  ditch,  12.8  feet  per  mile;  grade  of  the  lower  line, 
6.4  feet  per  mile;  dimensions,  5  feet  wide,  2  feet  deep. 
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Total  cost,  including  Glen  Beatson  ditch  and  Oregon 
Gulch  ditch,  $136,150.* 

La  Grange. — The  Lri  Grange  ditch,+  including  liic 
Patricksville  branch,  is  (A'cr  twenty  miles   in  length. 

Size,  nine  feet  on  top, 
six  feet  at  the  bottom, 
four  feet  deep ;  grad-e, 
from  seven  to  eight 
feet  to  the  mile.  The 
greater  part  of  the 
ditch  is  cut  in  granite, 
and  in  places  there  are 
solid  stone  walls  fift\- 
Fig.  13.   La  Gran.;'^  Flume.     Crossinh  to  seventy   feet  high. 

AT   iNniAN   BaU.  I..     1-      U      ^      J  » 

It  discharged  2,400  mi- 
ner's inches  at  the  date  of  last  measurement,  and  its  cost 
was  over  $450,000.  Its  capacity  was  formerly  larger,  but 
the  ditch  is  now  in  a  bad  condition. 


FLUMES. 

In  general,  the  use  of  flumes  is  to  be  avoided  where- 
ever  possible,  long  experience  demonstrating  that  they 
are  not  economical,  being  too  liable  to  destruction  from 
fire,  wind  and  snow  storms,  and  by  decay.  Hence  the}' 
are  a  source  of  continuous  expense. 

Flumes  vs.  Ditches. — Tiicre  are  instances  where 
the  formation  of  the  country  requires  the  use  of  flumes 
rather  than  ditches ;  for  example,  where  the  water  must 
be  conveyed  along  the  face  of  vertical  cliffs,  as  in  the  case 
of  the  Miocene  Gold-Mining  Company  in  Butte  County. 
Tiiere  are  also  certain  conditions  of  the  formation  of  the 
ground,  independent  of  the  topography,  where  a  ditch 
cannot  be  employed  so  economically  as  a  flume — viz., 
wlien  the  ground  is  composed  of  either  very  hard  or  very 

*  See  Raymond's  Report,  1871,  pages  73  and  74. 

+  The  original  dirch.  about  nineteen  tniles  lone,  is  said  to  have  cost  $^7^,000.  Since  its 
completion  the  Patricksville  ditch  and  reservoir  have  been  built  at  a  cost  of  $75,000. 
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porous  and  shattered  material.  Likewise  where  water  is 
scarce  and  the  evaporation  and  absorption  are  great, 
flumes  must  necessarily  be  preferred.  In  such  cases 
as  these  either  flumes  or  pipes  may  be  advantageously 
used. 

Grades.  —  Flumes  are  set,  where  practicable,  on 
grades  of  twenty-hvc  to  thirty-five  feet  per  mile,  and  are 
consequently  of  proportionately  smaller  area  than  ditches. 

The  annexed  sketch  shows  the  general  style  of  con- 
structing flumes. 


Flanking. — The 

planking  used  ordi- 
narily is  of  heart  su- 
gar pine  (seasoned) 
one  and  one-half  to 
two  •  inches  thick, 
twelve  to  twenty-tour 
inches  wide,  accord- 
ing to  the  require- 
ments, and  twelve  to 
sixteen  feet  long,  the 
twelve-foot  length  be- 
ing the  most  desirable. 

Sills  and  Posts. 
— Where  the  boards 
join,  pine  battens 
three  to  four  inches 
wide,  one-half  inch 
thick,  cover  the  seams 
Sills,  posts,  and  caps 

strengthen  the  structure  every  four  feet.  The  dimensions 
of  the  timbers  depend  on  the  size  of  the  flume.  A  flume 
two  and  one-half  feet  square  requires  3X4  inch  scantling 
for  posts,  caps,  and  sills,  and  4X6  inch  for  the  stringers; 
while  a  flume  4X3  feet  in  the  clear  should  use  4X5  inch 
stuff  for  the  caps  and  posts,  sills  4X6  inches,  with  string 

These  sizes  are  used  in  regions 


14.  Flumk  C  onstruction. 


crs  10X8  inches  in  size. 
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of  heavy  snow,  and  can  be  reduced  somewhat  in  milder 
localities. 

The  width  of  the  flume  regulates  the  length  of  the 
sills  and  caps,  and  the  length  of  the  posts  is  determined 
by  the  depth  of  the  flume,  three  inches  or  less  being 
allowed  between  the  top  of  the  planks  and  the  cap.  In 
larger  flumes  these  dinerent  sizes  are  slightly  increased. 

The  posts  should  be  set  into  the  caps  and  sills  with  a 
gain  of  one  and  one-fourth  inch,  and  not  mortised.  The 
sills  generally  e.xtend  horn  twelve  to  twenty  inches  be- 
yond the  post  (according  to  the  size  of  the  structure), 
and  to  them  side  braces  are  nailed  to  strengthen  the 
structure,  although  these  side  braces  are  generally  unne- 
cessary in  properly  constructed  flumes.  In  thcj  mountain 
regions  snow  and  ice  frequently  attach  themselves  to  the 
braces  and  sills,  breaking  them  off  and  occasi(jnally  de- 
stroying the  flume.  On  top  of  the  caps  there  is  jjlaced  a 
foot  plank  eight  to  ten  inches  in  width. 

Flumes  should  be  placed  on  a  solid  bed  on  the  re- 
quired grade.  To  avoid  damage  from  slides,  or  snow  and 
wind  storms,  the  bed  should  be  excavated  in  the  bank  of 
the  side  hills  and  the  flume  placed  close  to  the  bank. 
Stringers  running  tiie  entire  length  of  the  flume  are 
placed  beneath  the  sills  immediately  outside  of  the  posts. 
They  are  not  absolutely  necessarv,  but  arc  desirable,  as 
they  preserve  the  sill  timbers  from  decay. 

Curves. — When  curves  are  necessary  they  should  be 
laid  with  great  care,  so  as  to  insure  the  maximum  flow  of 
water.  The  boxes  must  be  cut  in  two,  three,  or  four 
parts,  as  the  case  may  demand.  This  necessitates  an  in- 
crease in  the  number  of  sills,  posts,  and  caps.  To  secure 
the  better  curving  of  the  side  planks  they  are  sawed  par- 
tially through  in  different  places,  so  that  they  bend  easily, 
the  sawed  portions  closing  thorouglriy  by  the  curving  of 
the  plank. 

To  distribute  the  water  equally  over  the  entire  flume 
and  prevent  slack  water,  irregular  currents,  and  splash- 
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ing,  the  outer  side  of  the  flume  is  raised  in  accordance 
with  the  curve.  No  rule  can  be  given  for  the  exact 
amount  of  rise,  but  it  can  be  readily  determined  by 
wedging  up  the  flume.  This  is  very  essential  in  cold 
climates,  as  ice  forms  where  any  splashing  occurs. 

Waste-Gates.— Waste-gates  should  be  placed  every 
half-mile,  so  that  the  water  can  be  readily  turned  out,  as 
may  be  required  from  time  to  time,  and  are  especially 
necessary  in  case  of  any  accident.  They  should  dis- 
charge the  water  clear  of  the  line  to  prevent  any  under- 
mining. They  are  useful  also  for  clearing  the  canal  of 
snow  and  ice. 

Precautions  against  Cold. — In  the  snow  belt  the 
flumes  are  covered  with  sheds  in  the  most  dangerous 
places  where  they  are  exposed  to  snow  slides.  The  most 
approved  form  of  snow  shed  consists  of  sets  of  timber 
4X6  inches  to  7X9  inches  in  size,  placed  at  intervals  of 
four  feet  and  covered  with  boards  or  lagging.  VVhei^e 
the  flume  is  set  in  close  to  the  bank  the  circulation  ot  air 
around  it  during  the  winter  is  partially  prevented  by 
snow,  and  freezing  of  the  water  is  not  so  probable  as 
where  the  flume  is  exposed  on  all  sides. 

Great  difficulty  is  experienced  sometimes  in  keepmg 
flumes  and  ditches  open  during  long  continued  very 
cold  weather,  on  account  of  the  formation  of  anchor  ice 
on  the  bottom.  When  this  occurs  it  is  necessary  imme- 
diately to  turn  out  the  water,  otherwise  they  will  fill  up 
solidly  with  ice  and  remain  closed  until  spring.  Should 
snow  fill  the  flume  when  empty,  it  can  be  readily  run  out 
if  the  water  is  turned  on  before  it  is  allowed  to  pack. 

In  Nevada  County,  at  the  head  of  the  Bloomfield  ditch, 
the  snow  falls  in  depths  of  from  six  to  thirteen  feet  on  a 
level.  The  temperature  ranges  as  low  as  zei-o,  but  ordi- 
narily has  a  winter  mean  of  30°  Fahr.  The  Bloomfield 
ditch,  carrying  80  cubic  feet  of  water  per  second,  is  sel- 
dom troubled  by  the  forming  of  ice  or  snow  blockades. 
This  ditch  is  supplied  from  a  reservoir,  the  water  of 
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which  is  of  a  temperature  of  36°  Fahr.  The  canal  for 
the  first  twenty  miles  collects  but  little  snow  even  during; 
heavy  storms  ;  in  the  lower  twenty  miles,  the  water  hav- 
ing become  more  chilled,  snow  collects  rapidly  at  times, 
and  the  ditch  has  upon  a  few  occasions  been  blockaded. 

Other  ditches  in  the  same  locality,  of  nearly  equal  ca- 
pacity, but  lying  on  the  cold  north  hillsides  and  drawing 
water  from  creeks  and  rivers,  have  great  difficulty  in 
running  water  in  cold,  stormy  winters,  owmg  to  the 
formation  of  ice,  snow  slides,  and  snow  blockades. 

The  head  of  the  Milton  ditch  being  on  the.  north  side 
of  a  cold  canon,  the  temperature  at  times  falls  as  low  as 
—21°  Fahr.  Notwithstanding  this  e.\cessive  cold,  the  ditch 
IS  kept  open  the  greater  part  of  the  winter  when  there  is  a 
sufficient  supply  of  water,  and  with  a  flow  of  80  cubic  feet 
per  seoiid  probably  but  little  difficulty  would  be  experi- 
enced ill  kc'ping  up  a  constant  supph  . 

Experience  in  the  Black  Hills. — In  the  winter  of 
1879-80,  on  the  line  of  the  Wyoming  and  Dakota  Water 
Company's  open  flume,  at  the  head  of  the  Spearfish  River 
in  the  Black  Hills,  Dakota,  with  the  mercury  ranging  from 
5°  to  35°  (Fahr.)  below  zero,  no  difficulty  was  e.vperienced 
in  running  the  water  a  distance  of  about  six  miles  (the 
portion  then  finished)  during  the  entire  season,  the  tempe- 
rature of  the  water  varying  from  42°  to  35°  Fahr. 

On  one  occasion  the  thermometer  reached  43°  below 
zero,  as  indicated  by  the  spirit  thermometers,  the  mercu- 
rial thermometers  bursting  at  —42°  Fahr.  The  temperature 
of  the  water  at  this  time  fell  to  35°  Fahr.  The  extreme 
cold  lasted  but  a  few  hours,  still  no  ice  formed  in  the 
flume.  The  water  (a  continuous  flow  of  350  cubic  feet 
per  minute)  in  the  flume  was  drawn  directly  from  the 
Spearfish  River  (supplied  at  the  upper  end  by  springs), 
which  was  at  this  season  frozen  over.  The  water  did 
not  freeze  because  the  flume  was  well  prot^ected  and 
set  in  close  to  the  bank,  thus  allowing  no  circulation 
of  air  under  the  sills,  the  outer  ends  being  covered  with 
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snow  ;  the  boxes  were  set  to  an  exact  grade  and  the 
curves  were  constructed  carefully,  so  that  along  the  en- 
tire line  there  was  no  splashing  or  slack  water  or  irregu- 
lar currents  ;  and,  furthermore,  the  water,  coming  from 
springs,  was  warm  and  the  distance  run  was  short. 

The  Wyoming  and  Dakota  Water  Company's  main 
conduit  from  Spearfish  was  designed  with  the  view  of 
conveying  water  to  the  mining  camps  of  Deadwood,  Cen- 
tral, and  Lead.  The  total  length  of  the  projected  line  to 
its  main  distributing  point  was  thirty-five  miles,  consisting 
of  twenty-six  miles  of  flume  (including  a  mile  of  tunnel 
and  approaches)  ;  two  and  three-fourth  miles  of  twenty- 
two-inch  diameter  wrought-iron  pipe  for  inverted  si- 
phons, crossing  depressions  from  thirty-four  feet  to  seven 
hundred  and  sixty-eight  feet;  thirty-tive  hundred  feet  of 
trestle-work  (the  longest  piece  being  three  hundred  and 
ninety  feet  long  and  seventy-five  feet  high),  and  the  re- 
maining portion  of  the  line  was  to  have  been  ditched. 
The  capacity  of  the  conduit  was  estimated  at  i,ooo  twenty- 
four-hour  miner's  inches.  The  principal  supply  was  to 
have  been  drawn  from  a  reservoir  at  the  head  of  the 
Spearfish  River,  and  additional  amounts  were  to  have 
been  obtained  from  seven  different  tributaries  or  feeders 
along  the  line  of  work. 

Owing  to  conflicting  interests  and  litigation  this  ex- 
tensive work  was  never  completed.  The  accompanying 
plan  (Fig.  1 5)  is  a  profile  of  the  projected  line,  showing 
the  grade,  depressions,  and  work  completed  in  1879. 

Details  of  Construction. — In  constructing  a  line 
of  flume,  the  bed  being  prepared,  the  stringers  are  put  in 
place  and  the  sills  laid  on  them  four  feet  apart.  The  bot- 
tom planks  (the  ends  being  sawed  off  square)  are  then 
nailed  to  the  sills,  the  end  joints  being  carefully  fitted. 
The  side  planks  are  nailed  to  the  bottom  planks  and  to 
the  posts,  which  last  are  set  in  a  gain  in  the  sills,  an  occa- 
sional cap  in  the  beginning  being  placed  on  the  posts  to 
hold  the  flume  in  shape.    The  size  of  the  nails  for  planks. 
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posts,  and  caps  depends  on  the  thickness  of  the  material, 
sixteen-penny  and  twenty-penny  nails  being  those  gene- 
rally used.  The  battens  are  securely  fastened  over  the 
various  jojnts  or  seams  with  six-penny  nails.  Each  box 
as  completed  is  carefully  set  on  the  established  grade  and 
firmly  held  in  position  with  wooden  wedges.  The  remain- 
ing caps  are  put  on  whenever  convenient. 

Where  a  flume  connects  with  a  ditch  the  posts  for  a 
distance  of  several  boxes  back  are  lengthened  sufficiently 
to  permit  of  the  introduction  of  an  additional  plank  on 
each  side.  The  end  boxes  of  the  flume  are  flared,  to  per- 
mit a  free  entrance  and  discharge  of  the  water.  An  outer 
siding,  nailed  to  the  posts,  at  the  junction  with  a  ditch,  or 
wherever  else  a  bank  of  earth  is  passed  through,  protects 
the  flume  and  also  strengthens  it  materially. 

When  large  amounts  of  lumber  are  to  be  used,  it  is  oc- 
casionally economical  for  a  company  to  erect  a  portable 
saw-mill  and  cut  out  the  lumber.  In  most  cases,  how- 
ever, it  is  cheaper  to  contract  for  the  material  required. 

All  lumber  should  be  inspected  and  measured  by  a 
competent  scaler,  whose  duty  it  is  to  reject  all  knotty, 
sap,  wind-shaken  stuff,  and  slabs.  As  only  dimension  stuff 
is  used,  everything  should  be  prepared  at  the  mills  of  the 
exact  sizes  required,  so  that  the  flume  can  be  constructed 
as  rapidly  as  the  material  is  received. 

The  material  should  be  delivered  at  the  head  of  the 
flume,  or  at  such  convenient  j)laces  as  the  engineer  may 
direct.  Lumber  stored  should  be  carefully  piled,  and 
spaced  so  as  to  permit  a  free  circulation  of  air  through 
the  material. 

Sufficient  water  is  generally  obtained  along  the  line  of 
work,  and  is  turned  into  the  flume  as  fast  as  constructed, 
to  assist  in  the  delivery  of  the  lumber  which  is  floated. 
A  few  inches'  depth  of  water  is  all  that  is  necessary.  One 
or  two  or  more  men  are  required  to  attend  to  the  floating 
of  the  material,  according  to  the  distance. 

As  occasion  may  demand,  the  flume  is  trestled,  the 
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main  supports  being-  placed  every  eight  to  twelve  feet. 
The  lumber,  scantling,  and  struts  fur  bents  are  used  in 
accordance  with  the  demands  of  the  work.  The  founda- 
tions must  be  made  secure  to  hold  the  superstructure, 
and  no  mortises  used,  heavy  spikes  and  strong  timber 
and  braces  being  sufficient.  Guy  ropes  are  employed 
when  necessary  to  prevent  any  vibration  or  movement 
of  the  flume  caused  by  severe  wind  storms. 

It  is  the  usual  practice  to  distribute  along  the  line  of 
a  ditch  and  flume  a  certain  amount  of  lumber,  to  be 
ready,  in  case  of  accident,  for  repairing  any  breaks. 
Breaks  on  ditch  lines,  especially  during  the  winter,  are 
repaired  more  easily  with  pieces  of  flume  than  with  dirt. 
A  supply  of  ten  per  cent,  of  lumber  is  not  an  excessive 
amount  to  have  on  hand.  The  life  of  a  flume,  under  the 
best  of  circumstances  and  care,  will  not  exceed  twenty 
years,  and  generally  not  over  half  that  time. 

Lumber. — The  following  tables  show  the  amount  of 
lumber  required  in  the  construction  of  twelve-foot  flume- 
boxes  of  different  widths  and  depths  : 


TABLE  IX. 

Flunu-  two  and  one-half  feet  wide,  two  and  one-half  feet  deep;  twelve-foot  box. 


3  Caps,  4feetlongX  3  inches  X      4  inches   =  12  feet  b.m. 

6  Posts,  3    "    ■'    X  3       "      X      4     "    =  iS    "  " 

y  Planks,        12    "     •'  x  l^^    "      X  \ 

<  12     "    =135   "  " 

3  Sills,  4}4"     "  X  4       "     X      4     "    =  iS  " 

2  Stringers.     12    "     "  X  4       "      X      6     "    =  48    "  " 

6  Battens,      12    "     "  X  3      "     X      i     "    =  18    "  " 

I  Foot  plank,  12    "     "  x  10      "     X  "    =  '5    "  " 

Total  lumber  in  one  box.  .   264  feet  b.m. 

Number  of  boxes  per  mile   440 
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TABLE  X. 

Flume  four  feet  -wide,  thtee  feel  Jeep;  t7velve-foot  box. 


Planks,  2  inches  thick,  12  feet  long   =240  feet  b.ra 

6  Posts,  4  inchesX  5  inchesX  3  feet  9  inches  long..  =  38  "  '• 

3  Caps,           4     '     X  5      "    X  6   •'    long   =  30  "  " 

3  Sills,            4     "    X  6      "    X  8   "       "    =48  "  " 

2  Stringers,      8      "    X'O      "    X12    "       "    =160  "  " 

6  Battens,        3     "    X  i      "    X12   "       "    =  18  "  " 

1  Foot  plank,  to     "    X  i}^  "    X12   "       "   =  15  "  " 

Total  lumber  in  one  box   549  feet  b.m. 

TABLE  XI. 

Flume  seven  feet  wide,  four  feet  deep;  twelve- foot  box. 

Planks,  13^  inches  thick,  12  feet  long   =270  feet  b.m. 

6  Posts,  4  inchesX  6  inchesX  4  feet  4  inches  long.  =  52    "  " 

3  Caps,  4  "  X  6  •'  X  9  "  4  "  "  =  56  " 
3  Sills,  4      "    X  8      '•    Xiofeet  long   =80    "  " 

2  Stringers,      8      "    Xi2      "    X12    "      "    =192    "  " 

8  Battens,       3     "    x  i      "    X12   "     "    =24    "  " 

I  Foot  plank,  10     "    X  ij^  "    X12   "     "    =  15    "  " 

Total  lumber  in  one  box   6S9  feet  b.m. 


Bracket  Flume.  —  A  novel  method  of  carrying 
flumes  along  the  lace  of  precipitous  cliffs  has  been  de- 
signed b)'  \V.  H.  Bellows  and  adopted  on  the  line  of  the 
Miocene  Mining  Company's  ditch  in  Butte  County,  to 
ayoid  the  construction  of  a  trestle-work  one  hundred  and 
eighty-six  feet  high. 

The  line  of  ditch  was  run  some  two  hundred  yards  up 
the  canon,  abutting  against  a  perpendicular  wall  of  ba- 
saltic rock,  along  the  face  of  which,  one  hundred  and 
eighteen  feet  above  the  bed  of  the  ravine  and  two  hun- 
dred and  thirty-two  feet  below  the  top  of  the  cliff,  the 
flume  was  carried  on  brackets  for  a  distance  of  four  hun- 
dred and  eightv-six  feet.  Fig.  16  gives  a  general  view, 
and  Fig.  17  shows  the  method  of  hanging  the  flume. 

The  brackets  are  made  of  T-rails  of  thirty-pound  rail- 
road iron  bent  into  the  form  of  an  L.    The  longer  arm. 
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ten  feet  long,  is  placed  horizontallv  (for  the  bed  of  the 
flume  to  rest  on),  with  its  end  supported  in  a  hole  drilled 
in  the  rock.  The  shorter  arm,  two  teet  hjng,  stands 
vertically  and  has  at  its  upper  end  an  eye  into  which 
hooks  a  suspender  of  three-fourth-inch  round  iron,  whicli 
in  turn  is  fastened  above  to  the  rock  b}'  means  of  a  ring- 
bolt soldered  into  a  hole  drilled  for  the  purpose.  The 
brackets  are  set  eight  feet  apart,  and  were  tesied  to  sus- 
tain a  weight  of  fourteen  and  one-half  tons.  The  flume  is 
four  feet  wide  and  three  feet  deep,  mside  measurements, 
and  has  a  capacity  of  3,000  miner's  inches. 

The  general  view  shows  a  trestle  eighty-six  feet  high. 
Along  the  line  of  the  ditch  there  is  a  trestle  one  thousand 
and  eighty-eight  feet  long  and  eighty  feet  high  ;  another 
has  been  built  one  hundred  and  thirty-six  feet  high.  The 
total  length  of  ditch  and  flume  is  thirt3f-three  and  one- 
third  miles. 

Details  and  Costs  of  Milton  Ditch  and  Flnmes. 

— The  following  official  statement  shows  the  details  and 
cost  of  construction  of  the  Milton  ditch  and  flumes  from 
Eui^eka  to  Milton  Dam. 

Built  bv  the  North  Bloomfield  Gold-Mining  Company  in  the  years  of 
1872-3-4. 

I-engths. 

Eureka  to  South  Fork   563  chains=  7.04  miles. 

South  Fork  to  Drop-off.   96      "    =  1.20  " 

Drop-off  to  Milton   894      "    =11.17  " 


Total 


1,553  chains  =  i9.4i  miles, 
=  102,484  feet, 


measured  from  head  of  Eureka  drop-off  to  Milton  dam. 


Flumes. 


Eureka  to  South  Fork  .  . . 
South  Fork  to  Big  Bluffs 
Big  Bluffs  to  Milton  


q6i  twelve-foot  boxes  =  say,  Ii,5"6  fee 
264     "       "       "     -   '■      3.168  " 
1,113     "        "       "    =   "    13-352  " 


Total . 


2.33S  twelve-foot  boxes  =  say,  28,056  feet. 


The  above  2,338  boxes  include  56  boxes  of  flume  built  in  the  ditch,  most  of 
which  Is  supported  by  heavy  cribbing. 
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Waste-Ways. 

Eureka  to  South  Fork   14  wastes,  aggregating  112  feet. 

South  Fork  to  I5ig  Bluffs   12     "  *•  48  " 

Big  Bluffs  to  Milton   24     "  "  114  " 

Total   50  wastes,  aggregating  274  feet. 

There  are  also  sevxral  branch  flumes,  one  large  crossing  flume,  and  about 
one  hundred  and  thirty  feet  of  ditch  lining. 

TABLE  XII. 
Cost  of  Milton  Ditch,  from  Mi/ton  to  Eureka,  19-41  miles. 
Excavation,  etc- 


Ditch  

Flume  Foun- 

Clearing  Line  . 

Dis- 
tance. 

Labor. 

Explo- 
sives. 

Tools. 

Steel. 

Coal. 

Totals. 

Miles. 
14. 1 

5-3 
■9-4 

$69,664  92 
3,582  01 

$4,098  46 

2.866  72 

$1,606  67 

525  50 
90  00 

$319  48 
313  00 

$953  38 

301  11 

$76,642  91 

■8,919  73 
3,67a  01 

19.4 

$88,260  33 

$6,965  18 

$2,222  17 

$532  48 

$■,254  49 

$99,234  65 

Flume. 

Lumb*r,  etc.,  Milton  to  Feet, 
lower  end  Big  Bluffs . .  1,083,434 

l.ess     sold     to     ^Slilton  Feet. 

Company   200,000  883,434 

Eureka  to  Big  Bluffs,  1,225  I'oxes  765,911 

Total  on  hand  and  used  for  2,338 

boxes   1,649.345  $32,015  28 


Note. — Of  the  above  amount  of  883,434 
(eet  it  ii  supposed  that  there  is  on  hand, 
say,  130,000  feet,  thus  leaving  750,00c 
feet  as  the  amount  used  for  1,113  boxes 
from  Milton  to  lower  end  of  tlie  bluffs. 
Timbers  cut  by  hand,  stringers,  posts,  etc.  1,301  49 
Hauling  timber  to    Milton,  Little  Poor 

Man's,  etc   '.650  00 


$34,966  77 


Carry  forward  $134,^01  42 
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TABLE  yAl.—contitiued. 
Brought  forward  $134,201  42 

Carpenters,  etc. 


Gang. 

Boxes 
12ft.  long. 

Labor. 

Nails  and 
Iron. 

Tools. 

Totals. 

■  ,14s 
".193 

$10,902  81 
10,497  90 

$1,499  57 
l,55Q  57 

$30  00 
50  00 

$12,452  38 
12,107  47 

2,338 

$21,400  71 

$3,059  :4 

$100  00 

$24,559  85 

^24,559  85 

General  Cost. 
Surveys. — Engineer  (wlio  was  also  fore- 
man) and  assistants  

Roads. — South    Fork    to  Bow- 
man's, 3^  miles..  $1,200  00 

South  Fork  to   Little  Poor 

Man's,  2]^  miles   200  00 


,610  50 


1,400  00 


Hauling. — Transportation  of  tools,  mate- 
rial, and  men   1,450  94 

Boarding. — Loss  in  boarding  laborers,  who 

were  charged  75  cents  per  day   685  75 

General  Expense. — Being  a  portion  of  North 
Bloomfield  Gravel  -  Mining  Company's 
cost  of  management,  office,  taxes,  etc., 
while  ditch  wns  being  built   3,564  63 


  11,711  82 

Damages. 

Eureka  Lake  Company — damage  to  it  by  breaking  its 

miner's  ditch  by  blasts   1,635  87 


Total  cost  $172,108  96 

Collected  from  Milton  Company  for  account  extra 

work   689  30 


Leaving  Milton  Ditch  account  (November  10,  1874) 

on  Company's  books  $171,419  66 
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Note. — If  the  130,000  feet  of  lumber  supposed  to  be  at  Milton 
is  sold  for  cost  ($20  per  thousand),  the  total  cost  of  the  ditch 
will  be  reduced  to  $169,508  96,  Ci,  say,  $8,700  per  niiie.  In 
that  event — 

Cost  per  foot,  etc. 

Ditch. — 74,442  feet   long,  cost  for,  say,  117.600  cubic  yards, 

$76,642  91,  or  65  cents  per  cubic  yard,  or  $1  03  per  lin.  foot. 

Flume. — 28,056  feel  long,  cost  for  excavation  ■] 

$18,919  73,  or  67  cents  per  lin.  foot. .. .     .  ,.  , 

.     ..  ,A  r$2  79  per  lin.  foot, 

cost  :or  .umuer,  labor,  etc.,  $59,526  62,  or         ^  ' 

$2  12  per  i:n.  foot   ) 

The  ditch  is  graded  in  from  slope  pegs  from  6  to  36 


Grni' Z1'  per  ^Ox. 


Jfode  0/  securing  a  flume 
on  (he. Mountain  side. 


Fig.  i8.  Mii.ton  Flume. 


inches.  The  general  grade  is  19.2  feet  per  mile.  All  trees 
within  15  to  25  feet  of  the  edge  of  the  upi)er  bank  are  cut. 
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Dimensions  and  Costs  of  Ditches  {including  Flumes). 


Name  of  Ditch. 


North  Bloomfield  Main  (and  distributers)  

Milton    

Eureka  Lake,  Main  Ditch  *  

Eureka  Lake,  Miner's  Ditch  

San  Juan,  Main  Ditch  

San  Juan,  Branches.   

Main  Ditch,  Upper  Part  

Main  Ditch,  to  head  of  Deer  Creek  

Main  Ditch,  from  Junction  with  Dutch  Flat  Ditch. 

Dutch  Flat  Ditch  

lllue  Tent  Branch  

Chalk  Bluff  Ditch  

Cascade  Ditch  

Snow  Mountain  Ditch  

Total  South  Yuba  Canal  Co  

lue  lent  Co.'s  Ditch   

China  Ditch  

Bouyer  Ditch  

Union  Ditch  

Total  Excelsior  Ditches  and  Branches  

Hendrick's  Ditch  t  

Spring  Valley  and  Cherokee  

La  Grange  

Tuolumne  Co.  Water  Co.  J  

j  Main  Ditch  


El  Dorado  Co. . 


f  Branches  

California  Water  and  Mining  Co.  %. 

Park  Canal  Co.  J  

Amador  Canal  Co.,  Main  %  

Amador  Canal  Co.,  Lateral^   


I>ength. 
Miles. 

Capacity. 
Miner's 

Grade. 
Feet  per 
Mile. 

Dimensions  in  Feet. 

Cost. 

Inches. 

Top. 

Bottom. 

Depth. 

S5 

3.200 

12  to  16 



8.65 

5 



3% 

^460,707 

7.65 

4 

462,998 

4301250 

9.60 

5 

3 

l8o,oof. 

32 

1,236 

9.60 

(S 

4 

700  to  1 ,500 

9  I 

6 

4 

s 

V  292,992 

'7 

8 

8 

6 

1 7 

'3 

8 

6 

5 

31}^ 

g 

6 

4/4 

13 

*3/3 

4 

5 

I  j 

6 

4 

4 

'3 

2,700 

■6 

6 

4 

4 

- 

5 

4 

4 

1,800 

6 

S 

4 

123 

X,  100,000 

(  800 

8 

6 

4 

250,000 

33 

1 ,700 

9 

8 

5 

4 

>5 

1,200 

<3 

8 

4 

3h 

15 

'3 

8 

4 

3'A 

1,200,000 

6.4  to  12.8 

5  to  6 

2 

136,150 

52 

2.000 

9.5o 

8 

5 

3'A 

500,000 

20 

2,400 

7  to  8 

9 

6 

3 

450,000 

"5 

3,600 

II  to  32 

II  to  15 

75^  to  II 

4 

as 

\  ■ 

M 

9 

5 

6 
4 

498,064  73 
37.299  46 

250 

6  to  16 

3'A  to  8 

2  to  5 

''A  to  j 

600,000 

290 

up  to  16 

8  ■ 

5 

^'A 

2,000,000 

46 

8  to  10 

10 

6 

4 

75 

16 

8 

5 

4 

^  900,000 

I  Only  4,000  feet  have  a  grade  of  12  feel, 
I     but  with  increased  area;  the  rest 
has  a  grade  of  16  feet. 


Smaller  ditches  and  water-rights  cost 
$80,227  additional. 


This  is  a  flume. 


The  South  Yuba  Canal  Co.'s  inch  is 
measured  through  a  4-inch  aperture 
in  a  i'<-inch  plank,  with  a  head  of  6 
inches  above  centre  of  aperture 


Flumes  ares' wideX4' deep.  The  inch 
has  a  head  of  5  inches  to  centre  of 
2-inch  aperture. 


Smartsville  inch  1.78  cu.  ft.  per  min. 


Including  Glen  Beatson  and  Oregon 
Gulch  Ditches. 


Excluding  reservoirs.  The  water- 
rights  cost  $256,594  additional.  To- 
tal cost  of  canals,  reservoirs,  and 
water-rights,  $962,628  06. 


The  inch  here  is 
cu.  ft.  per  min. 


discharge  of  1.39 


*  R..port  of  J.  D.  Hague. 


+  Raymond's  Report  for  1873,  pp.  73  and  74. 


t  Mint  Report  for  1881,  p.  626. 
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The  logs,  brush,  and  leaves  from  the  lower  bank  (under 
the  artificial  bank)  are  carefull}-  removed.  The  founda- 
tion is  generally  cut  for  the  entire  width  of  the  flume. 
The  sketch  (Fig.  i8)  shows  the  method  of  posting  along 
cliffs,  where  the  foundation  is  occasionally  narrower 
than  the  flume.  Where  flumes  connect  with  the  ditch, 
the  posts  of  the  flumes,  for  a  distance  of  several  boxes, 
are  4  to  4.%  feet  high,  allowing  an  additional  side  plank. 
The  grade  of  the  flume  is  32  feet  per  mile.  The  planking 
is  2  inches  thick. 
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weigh  each  plate  used,  as  thereby  any  essential  diflerence 
in  thickness  could  be  detected.  Iron  plates  which  have 
been  subjected  to  the  action  of  salt  water  are  undesirable. 

The  Spring  Valley  Water  Company,  of  San  Francisco, 
California,  strain  their  pipes  from  1 1,400  U)  13,000  lbs.  per 
sectional  inch. 

The  Virginia  City  and  Gold  Hill  Water  Company-,  of 
Nevada,  has  an  inverted  siphon  (of  inferior  English  iron) 
with  a  maximum  pressure  of  1,720  feet  head,  equal  to 
746  lbs.  per  square  mch.  No.  o  iron,  with  ^^-inch  rivets, 
being  used  at  the  lowest  point  of  depression  and  sub- 
jected to  a  tensile  sfrain  of  13,310  lbs.  The  No.  9  iron 
is  strained  fully  15,000  lbs.,  and  the  No.  7  over  14,000 
Ifes.,  per  sectional  inch. 

The  Texas  Creek  pipe,  four  miles  below  the  Bow- 
man Dam,  Nevada  County,  California,  is  an  inverted 
siphon  4,438.7  feet  long,  17  inches  in  diameter,  made  of 
riveted  plate  iron.  Its  inlet  is  303  feet  above  the  outlet, 
and  with  a  full  head  it  will  discharge  about  1,260  miner's 
inches.  It  sustains  a  maximum  pressure  of  770  feet  or 
334  lbs.  per  square  inch.* 

At  Cherokee,f  California,  there  is  an  inverted  siphon 
of  ordinary  English  plate,  30  inches  in  diameter,  with  a 
maximum  pressure  of  887  feet  head. 

The  maximum  strains  on  the  several  sizes  of  iron  used 
in  practice  are  given  in  the  following  tables : 


•  See  Official  Report  North  Bloomfield  Mining  Co.,  1878. 
t  For  farther  description  see  p.  171. 


/ 


TABLE  XV. 
Tensile  Strain  on  Wroug/it-Iron  Pipe. 


Locality. 


Diameter 

Thicl<ness 
of  Iron. 

Pressure. 

Maximum 
Tensile  Strain 

of  Pipe. 

Lbs. 
per  sq. 
inch. 

per 

Inches. 

B.C. 
No. 

Inches. 

Feet. 

sectional  inch. 
Lbs. 

■5 

14 

.083 

260 

112}^ 

10,165 

12 

14 

.083 

400 

12,520 

1 
1 

\\t 

.083 
.065 

80 

34^6 

40 

187 

■125 

80 

34.6 

3,700 
5>542 

if' 

i'4 

(  T2 

.083 

.  log 

55 

23.81 

5,161 

16 

18 

.04q 

200 

86.6 

14,120 

18 

.049 

184 

79^6 

9.7S5 

16 

18 

.040 

180 

77. Q 

12,725 

18 

14 

.083 

20of?) 

86.6 

9.39° 

?.o 

*4 

23.476 

y 

II 

.125 

■  58. 

19,000 

0 

■324 

1,720 

750. 

13.310 

30 

00 

■375 

887 

384  ■ 

15.360 

22 

IQ 

.134 

430 

:86. 

15,276 

22 

■134 

450 

194.8 

15.99' 

15 

.  109 

450 

194.8 

'3.40! 

17 

3 

.16^ 

760 

320- 

16,952 

Amador  City. 
Moore's  Flat  . 
Moore's  Flat  . 


San  Juan. 


San  Juan  , 

San  Juan   

San  Juan  

Smartsville  

Smartsville.  

Spring  Valley  Water  Co.. 

Spring  Valley  Water  Co.. 


Virginia  City  Water  Co. 

Cherokee  

French  Corral  

Malakoff  Diggings  

Malakoff  Diggings  


Texas  Creek. 


J  Longitudinal  rivets  \%"  apart.  Circular-seam  rivets  apart.  Has  a  water- 
i     wheel  gate  at  lower  end. 


Length  of  line,  3,500'. 

The  pipe  is  laid  on  wooden  blocks  on  topof  the  ground,  in  courses,  as  per  sketch  : 


Sheets  A  are  3-16"  thick,  and  B  are  thick.  Rivets  in  all  seams  2"  apart. 
Hot-riveted,  and  lap  of  seam  2".  Pipe  put  up  in  20'  sections,  and  bolts  used 
with  the  nuts  outside  and  spaced  2"  apart.  I.ength  2,200'.  Coal-tar  on  out- 
side ;  nothing  inside.    Has  stood  five  years.    Cost  $20,000. 

S  Rivets  I  Vz"  apart ;  laps  2"  ;  pipe  2.501/  long  ;  coated  inside  with  coal-tar  and  tnr- 
j     penline  ;  laid  above  ground. 


|-  Not  coated.    In  use  eight  years. 

*  ()oo'  long;  courses  30",  with  rivets  on  longitudinal  seam  i^"  apart,  and  on 
I    circular  seam  -2%   .    Painted  outside,  but  not  inside.    In  use  five  years. 

t  Courses  24"  long  ;  longitudinal  seams  riveted  i'^"  apart;  circular  seams  3"; 
)     lap  i'^".    No  coating. 

\  Experiment  made  by  the  Spring  Valley  Water  Co.     Rivet-^  diameter,  1'' 

)  apartj 

j  Experiment.  In  both  of  these  cases  the  pipe  leaked,  but  was  made  tight  with 
I  sawdust. 

\  Length  of  pipe,  37,io.y.  Discharge  about  twn  million  gallons  per  twenty-four 
/  hours. 


This  pipe  is  4,000'  long. 


:ed  siphon  4.438'  long,  made  of  double-riveted  wrought  iron;  joints 
py  sleeve>  with   lead  packing;  coated  with  coal-tar  and  asphaltum  ; 


I  An  inverted 

I     made  by   ,    ^  ^  ,  _  _ .  . 

{     quality  of  the  iron  very  poor;  damaged  by  salt  w.iter.    The  pipe  burst  tw'cc 

in  187879  and  again  at'its  greatest  depression  in  iSS^.  An  examinat:on  of  the  | 
[    iron  at  "this  point  ■showed  that  it  was  eaten  through  with  rust. 


Note.— The  formula  used  for  determining  the  thickness  of  iron  is  T-  -7^,  where  R  =  radius  in  Inches.  P=pre: 
strain  per  sectional  inch,  lbs. 


sure  of  iron  in  lbs.  per  sq.  in.  h.  T-^thickness  of  iron  in  inches.  F^lensile 
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Riveting. — For  ordinary  pipe  under  light  pressure  a 
very  common  style  is  to  have  the  seams  single-riveted,  the 
rivets  (say  ys  of  an  inch  in  diameter  for  an  ii-inch  pipe) 
being  spaced  i  or  i  inch  apart  on  the  longitudinal 
seams,  and  sometimes  as  much  as  3  inches  apart  on  the 
circular  scams.  Pipe  thus  put  together  becomes  water- 
tight in  use  through  the  particles  which  naturally  float 
in  the  water,  or  can  be  made  so  bv  throwing  in  a  few 
bags  of  sawdust  or  shovelfuls  of  dirt,  and  will  remain 
tight  even  when  subjected  to  a  pressure  as  great  as  200 
lbs.  per  square  inch. 

For  heavy  pressures  and  more  careful  construction  the 
circular  seams  have  a  single  row  of  rivets  i  inch  apart, 
while  the  longitudinal  seams  are  double-riveted,  with 
rivets  spaced  i  inch  apart  in  two  rows  about  }4  inch  from 
each  other. 

Cold-riveting  is  common.  In  very  particular  work 
only  is  hot-riveting  resorted  to. 

TABLE  XVIL 

Sizfs  of  Rivets  used  in  General  Practice. 
No.  iS  and  i6  iron,  fVX^  No.  10.9  and  8  iron,  %X  % 

"    14  "     i%X}4  "     7    and  6    "  J^Xi^ 

"    12  and  II    "     /ffX?8  "     3  "  J^Xi^ 

T.ABLE  XVIIL 


Details  of  Riveting  a  22-inch  Pipe  of  the  Spring  Valley  Water  Co. 


Thickness  of  the 
iron  used. 

Diameter    of  the 
rivets. 

Length  of  the  riv- 
ets. 

l  it.  Ii  of  thecirculai 

1 

Number  of  rivets 
in  each  circular 
seam. 

Pitch  of  the  ri-/ets 
in  the  longitudi- 
nal seam  of  dou- 
ble row. 

Width  between  the 
centres  of  the  riv- 
ets in  the  double 
rov. 

No.  12 

-h  in- 

Min- 

I in. 

69 

i^i  in. 

?^in. 

"  11 

es'  " 

I  " 

69 

" 

H  " 

"  9 

%  " 

•' 

" 

59 

full  ItV  " 

fi  " 

A  in- 

H  '• 

iH  " 

" 

39 

"    lU  " 

M  " 

K  " 

H  " 

ItV  " 

3, 

'•  iH  •' 
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Joints. — The  pipes  in  general  use  in  the  mines  are 
II,  15,  22,  30,  and  40  inches  in  diameter,  oi  riveted  sheet 
iron  Nos.  8,  10,  12,  14,  or  16  (Birmingham  gauge)  made 
in  sections  of  30  to  36  inches,  riveted  into  lengths  of  about 
20  to  30  feet,  which  latter  are  very  frequentiv  put  to- 
gether m  stove-pipe  fashion,  neither  rivets,  wire,  nor  other 
contrivance  being  necessary  to  hold  the  joints  in  place. 
This  stove-pipe  connection  is  sufficient  in  ordinar)-  cases. 
When  it  will  not  suffice  iron  collars  and  lead  joints  are 
used. 

The  annexed  sketch  (Fig.  20)  shows  the  style  of  joint 


a 

:  6 


n 

Fig.  20.  Lead  Joint. 


originally  used  on  the  siphon  of  the  Virginia  City  and 
Gold  Hill  Water  Company. 

The  cut  shows  the  joint  which  is  made  between  every 
two  lengths  of  pipe,  or  26  feet  2  inches  :  rt'  is  a  wrought- 
iron  collar,  5  inches  wide,  j\  of  an  inch  thicker  than  the 
iron  of  the  pipe,  and  with  a  play  of  }i  of  an  inch  between 
the  inside  of  the  collar  and  the  outside  of  the  pipe  ;  d  is 
the  lead,  which  is  run  in  and  then  calked  tight  from  both 
sides  ;  r  is  a  nipple  of  No.  9  iron,  6  inches  in  width,  rivet- 
ed on  one  end  of  each  pipe  by  means  of  six  ^-inch 
rivets. 


164 


PIPES  AND  NOZZLES. 


Fie.  21  shows  the  method  ot  tightening  leaky  joints: 
a  shows  the  clamp  and  its  application  for  forcing  back  the 
lead  which  has  worked  out  through  the  expansion  and 


contraction  of  the  pipe.  This  is  shown  both  in  perspec- 
tive and  in  cross  section.  The  clamp  b  is  used  to  keep 
the  lead  in  place  after  it  has  been  forced  back  by  the 
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clamp  a.  The  two  lower 
sketches  of  this  clamp  b 
show  both  the  side  view 
and  the  elevation. 

Fig.  22  shows  the  elbow 
used  in  making  short  curves. 
a  a  are  angle  irons  riveted 
on  the  pipe  on  the  outside 
of  the  curves,  and,  by  means 
of   iron   straps,  connected 
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with  the  corresponding  angle  irons  on  the  next  pipe,  as 

denoted  in  Fig.  23,  which 
shows  the  manner  in  which 
the  pipes  and  elbows  were 
strapped  together  wiien- 
ever  the  curve  was  suffi- 
ciently short  to  require  this 
precaution  against  an  out- 
ward movement. 

Air  -  Valves,  Blow- 
offs. — On  a  long  line  of 
pipe,  or  a  siphon,  "  blow- 
offs  "  and  air-valves  are  pro- 
vided to  allow  the  escape 
of  the  air  from  the  pipe 
while  tilling,  and  especially 
to  prevent  a  collapse  of  the 
pipe  in  case  of  a  break. 
The  valves  in  use  are  of 
varied  make.  A  simple  construction  is  a  piece  of  leather 
loaded  on  the  inside  of  the  pipe,  and  arranged  to  cover 
an  opening  from  i  inch  to  4  inches  in  diameter.    A  bet- 


FiG.  24.  Air-Valve  for  22 
Pipes. 


Water- 


Fig.  25. 


ter  class  of  valve  is  shown  in  Fig.  24. 
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This  sinks  and  opens  when  the  water  leaves  it,  and 
floats  and  shuts  when  the  water  rises  to  it. 

The  contrivances  used  on  the  Virginia  City  and  Gold 
Hill  Water  Company's  siphon  are  sh(jwn  in  Figs.  25 
and  26. 

Fig.  25  shows  the  blow-off  used  in  every  low  place 
(also  marked  with  a  triangle  in  the  prohle,  Fig.  27). 

Fig.  26  shows  the  self-acting  air  or  vacuum  valve  used 
at  each  high  point  on  the 
line.  When  the  water  is  on, 
the  valve  a  is  kept  open  and 
the  valve  c  closed,  while  the 
self-acting  valve  b  is  shut  by 
the  pressure.  If  any  air  ac- 
cumulates in  the  pipe  it  is 
blown  off  occasionally  by 
opening  the  cock,  c.  Should 
a  break  occur  in  the  main 
pipe-line  at  a  point  lower 
than  the  air-cock,  and  within 
its  district,  the  valve  b  falls 
down  and  admits  the  air  so 
as  to  prevent  a  vacuum. 
After  a  break  on  the  main 
line  is  repaired  and  the  water 
is  let  on  again,  the  valve  b  being  down  or  open,  the  air 
rushes  out,  the  valve-stem  being  weighted,  d,  so  as  to 
close  only  when  the  water  reaches  it. 

Preservation  against  Rust  and  Accidents. — 
in  order  to  protect  the  pipe  it  should  (as  far  as  possible) 
be  laid  in  a  trench  and  covered  with  earth  to  a  depth 
of  at  least  one  foot  for  the  ordinary  conditions  of  hydrau- 
lic mining. 

Wrought-iron  pipes  should  be  treated  externally  and 
internally  with  asphalt um  or  coal-tar,  the  life  of  a  pipe 
being  dependent  to  a  very  great  extent  upon  this  bitu- 
minous coating,  which  preserves  the  iron  from  rust  and 


Fig.  26.  Self-acting  Aik-Valve. 
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tlie  corroding  action  of  water.  Thin  iron  pipes  well  coat- 
ed are  still  in  good  condition  after  fifteen  years  of  ser- 
vice. 

The  following  preparations  have  been  fonnd  valuable 
in  i)ractice  : 

Crude  asphaltum   28  percent. 

Coal-tar  (free  from  oily  substances)   ;2      "  " 


The  (Santa  Barbara)  asphaltuin,  in  small  pieces,  and 
the  coal-tar  are  heated  to  about  400  degrees  Fahr.  and 
well  stirred.  The  pipe  is  thoroughly  dried  and  immersed 
in  the  mixture,  where  it  remains  until  it  acquires  the 
same  temperature  as  the  mixture.  When  coated  it  is 
removed,  placed  on  a  trestle  to  drip  and  dry  in  the  sun 
and  air.  For  convenience  of  immersion  wrought-iron 
troughs,  some  30  feet  long,  3  feet  wide,  and  2  feet  deep, 
are  used.  No.  14  iron  requires  immersion  for  about  7 
minutes,  and  No.  6  for  12  to  15  minutes. 

Filling  Pipes. — A  pipe-line  being  finished,  water 
must  be  admitted  in  such  a  way  as  to  prevent  the  air 
from  being  sucked  in,  which  will  happen  (and  to  a  great 
extent  )  unless  care  is  taken.  The  best  plan  is  to  put  a 
gate  in  the  pipe  below  the  level  where  the  water  enters, 
nnd  thus  regulate  the  flow,  maintaining  a  steady  pres- 
sure and  avoiding  violent  oscillations.  The  common  plan 
of  admitting  the  water  through  a  pen  stock,  which  is  kept 
filled  so  that  the  water  is  quiet,  will  answer  if  proper  care 
is  exercised. 


La  Grange  Hydraulic  Mining  Company. — The 

following  are  the  details  of  the  cost  and  construction 
of  1.233^  feet  of  22-inch  wrought-iron  pipe  made  at  the 
works  of  the  La  Grange  Hydraulic  Mining  Company, 
Stanislaus  County,  California. 

The  iron  used  was  No.  16,  U.  S.  wire  gauge,  or  0.05 


Or 


Refined  asphaltum  

Coal-tar  (free  from  oily  substances). 


ST.\TISTICS  OF  PIPE-LINES. 
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inch  thick.  The  pipe  sections  averaged  19  feet  in  length, 
containing  each  8  sheets  of  iron  6  hy  3  feet.  The  laps 
were  i}4  inches  at  the  jcjinls  and  single-riveted,  the  rivets 
being  driven  1  ^  inches  from  centre  to  centre  in  y^^-inch- 
diameter  holes.  To  each  sheet  of  iron  77  rivets  were  used, 
28  on  the  longitudinal  and  49  on  the  circular  seams.  The 
heads  of  the  rivets  were  j4  inch  in  diameter  by  inch 
thick,  and  the  shanks  %  inch  in  diameter  by  0.44  inch 
long.  The  rivets  weighed  about  j4  ounce  each,  or  128  to 
the  pound. 

COST  OF  ONE  RUNNING  FOOT  OF  PIPE. 


Iron  57  6  sq.  ft.,  or  n.82  lbs.,  at  4  cts  $0  53 

Rivets,  32,  or  0.25  lb.,  at  13  cts   o  03 

Punching  and  rolling   o  12 

Freight  on  iron  and  rivets,  at  I  ct.  per  lb. .   o  12 

Labor  contract  per  foot   o  25 

Tarring   o  03 

Total  cost  per  running  foot   $1  08 

T.\BLE  XIX, 


North  Bloomficld.— J.  Cost  of  iron  pipe  at  North 
Bloomfield,  22  inches  diameter,  No.  10  iron,  double-riveted. 


per  length  of  17  feet  3  inches: 

Six  sheets  iron  36"  X  72",  No.  10  =  540  lbs.,  at     4.38  cts  $23  65 

Freight,  Sacramento  to  Bloomfield,  "'    80      "    4  32 

Rivets, /5"Xs"  =  i2  lbs.,  "    10      "    i  20 

Labor  by  contract,  17'  3",                             "  25      "  per  ft..    4  31 

Wear  and  tear  of  tools,  3  cts.  per  foot;  tarring,  "  3      "     <>          j  03 

Total  cost  of  17'  3"  length   S34  51 

or  $2  per  lineal  foot. 


B.  Cost  of  iron  pipe  22  inches  diameter,  No.  12  iron, 
double-riveted,  per  length  of  17  feet  3  inches: 

Six  sheets  No.  12  iron,  36"  X  72"  =480  lbs.,  at   4. 38  cts  $21  02 

Freight,  Sacramento  to  North  Bloomfield,      "80       "   3  84 

Rivets,  xj"XV'  =  10  lbs.,  "10       "    i  00 

Labor,  "  21       "  per  ft. .    3  62 

Wear  and  tear  of  tools,  and  tarring,  "    6       "    "           I  03 

Total  cost  of  17'  3"  length  $30  51 

or  $1  77  per  lineal  foot. 
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The  above  pipe  was  double-riveted  on  the  longitudi- 
nal seams,  and  single-riveted  on  the  circular  seams.  The 
long-seam  rivets  were  spaced  i  ^  inches ;  the  rows  were 
I  inch  apart.  The  circular-seam  rivets  were  spaced 
inches  apart.  The  sheets  of  iron  were  not  cut,  but 
punched  so  as  to  make  a  pipe  full  22  inches  diameter. 

The  No.  10  iron  is  used  under  450  feet  head,  with  noz- 
zles as  small  as  six  inches  in  diameter.  The  No.  12  iron 
is  used  under  410  foot  head,  with  nozzle  as  small  as  7^4 
inches  in  diameter. 

The  cost  of  an  outfit  of  tools  for  large-pipe  making 
(iron  up  to  No.  10,  B.  G. )  is  as  follows: 


Rollers  $150  00 

Slake   50  00 

Punch   100  00 

Hammer  and  tools   25  00 

Fitting  up,  etc   75  00 


Total   $400  00 


Spring  Valley  Water  Company,  Sail  Francisco. 

— The  following  figures,  *  given  in  tabular  form,  show  the 
details  of  the  construction  of  an  1 8-inch  wrought-iron 
pipe,  5,800  feet  long,  made  for  the  Spring  Valley  Water 
Company,  which  supplies  the  city  of  San  Francisco. 
This  pipe  has  a  tensile  strain  of  about  5,000  or  6,000 
lbs.  per  sectional  inch,  and  was  made  with  this  low  co- 
efficient in  order  to  withstand  the  pulsations  caused 
by  a  single-acting  plunger  pump  making  as  high  as  36 
(four-foot)  strokes  per  minute.  These  pulsations  in  prac- 
tice vary  from  5  to  9  lbs.  per  stroke  when  the  air-vessel 
is  properly  charged,  but  through  carelessness  they  may 
exceed  50  pounds. 


•  Details  by  Joseph  Moore,  Superintendent  of  the  Risdon  Iron-Works,  San  Francisco. 
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i^Cis*^^^      iJ^^M     eT        Thickness  of  the  bands. 

C7\       *  1 

iJCt^i^^^        Width  of  the  bands. 

ooovoM        MMM^        Thickness  of  the  sleeves. 

^^^^^       ^S;^?*        Width  of  the  sleeves. 

u»4>.4..*.*.                                   Width  of  the  sheets  used  in 
oooMOM       ^'MMPj       jj^g  pipes. 

Thickness  of  the  iron  used 
111  the  pipes. 

"1      "1      1      ^      X         ^     ^     ^  3 

o%     o>  Os 

Diameter  of  rivets  used. 

\OOvO>Om            4k       4^       4-  ^ 

0\        0\       0\       (J\                       ^0       O  ^ 
vO       O  VO 

Pitch  of  the  circle  seams  in 
the  outside  courses. 

In. 
I. 4106233 
1.4207515 
1.4207515 

1.7915 
.9816157317 
.9816157517 
.9837709 
.9837709 

the  inside  courses. 

.Amount  of  two  laps. 

^^^^M  OOO' 

Space  betwt^n  double  row. 

In. 

56.63931 
56.63931 
56.63931 

57-456 

57.6212136 
57.6212136 
57.6212136 

57.6212136 

Length  to  the  joining  holes 
in  the  outside  courses. 

oiuiwojO  OQm'-' 

"oi    ^    'o\  'on 

Length  to  the  joining  holes 
in  the  inside  courses. 

VO                                          0  U) 

Whole  length  of  the  outside 
courses. 

nO-OOOOO  muiM"-" 

Whole  length  of  the  inside 
courses. 

Spaces  in  the  circle  seams. 

S       00                00       ^  MMM3 

Pitch  of  the  double  row. 

Spaces  in  the  double  row. 

In. 
2.1094 
2.iog4. 
2.3871 

2.207 
2.05 

2.05 
1.518 

Amount  of  the  two  outside 
spaces  of  the  double  row. 

Amount  of  two  laps  for  the 
double  row. 
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Virginia  City  Water-AVorlss.— The  Virginia  and 
Gold  Hill  Water  Company  have  an  inverted  siphon 
across  the  Washoe  Valley,  Nevada,  7  miles  long,  ii}4 
inciies  in  diameter,  of  riveted  wrought  iron.  The  total 
weight  of  the  siphon  is  about  700  tons.  The  pipes  were 
hot-riveted,  with  a  single  row  on  the  circular  and  a  dou- 
ble row  on  the  longitudinal  seams,  a  million  rivets  being 
used.  The  separate  lengths  were  united  by  lead  joints, 
previously  described  (see  p.  163).  For  these  35  tons  of 
lead  were  required.  The  pipe  was  constructed  in  1872 
of  inferior  English  iron,  but  is  still  (1883)  in  good  con- 
dition. The  No.  9  iron  is  stramed  fully  15,000  lbs.,  and 
the  No.  7  over  14,000  lbs.,  per  sectional  inch.  The  pipe 
is  said  to  have  been  tested  to  a  pressure  of  1,400  lbs.  per 
square  inch. 

The  annexed  sketch  (Fig.  27)  shows  the  profile.  The 
numbers  along  the  line  give  the  thickness  of  iron,  B.  G., 
used  under  the  various  pressures  which  are  indicated  in 
the  perpendicular  columns  of  figures  from  100  to  1,700 
(feet),  at  the  points  where  the  parallel  lines  strike  the  pro- 
file. The  triangles  below  the  line  denote  the  locations  of 
the  blow-offs,  and  0,  above  the  line,  represents  the  air- 
valves.  These  have  been  previously  described  (see  pp. 
166.  1 67V 

Spriiif?  Valley  and  Cherokee  Ilydranlic  Mining 
Company. — At  Cherokee,  Bulte  County,  California,  the 
Spring  \'alle\-  and  Cherokee  H.  M.  Company  has  an  in- 
verted siphon  of  wrought  iron,  30  inches  in  diameter, 
which  discharges  53  cubic  feet  of  water  per  second.  This 
was  the  first  large  construction  of  the  kind  on  the  coast. 
It  has  been  in  continuous  use  for  12  years,  and  is  still 
in  good  condition.  The  material  was  ordinary  English 
plate.    The  greatest  pressure  is  887  feet. 

The  sketch  *  (taken  from  the  original  survey)  shows 
the  profile  and  the  different  sizes  of  iron  used.   The  maxi- 


•  The  Mining  and  Scientijic  Press  of  January  7,  1871,  contains  a  detailed  account  of 
the  construction  of  this  pipe  and  a  diagram  of  the  line. 
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mum  strains  on  each  size  are  given  in  the  following 
table : 

TABLE  XXI. 


Details  of  Spring  Valley  and  Cherokee  Pipe. 


Size  of  Iron. 

Greatest  Pressure. 

Maximum  tensile 
strain,  in  pounds 
per  sectional  inch. 

Birmingham 
Gauge. 

Feet  head. 

Pounds  per 
square  inch. 

No.  14 

170 

74 

13,374 

12 

288 

17,202 

"  II 

293 

127 

I5.S75 

"  10 

355 

154 

17,240 

7 

435 

18S 

15,080 

3 

594 

257 

15.420  1 

"  I 

842 

365 

17.549 

4 

"  00 

8S7 

384 

i5.3(>o 

I 

Flow  of  Water  tliroiiffli  Pipes.— A  series  of  ex- 
periments on  the  flow  of  water  through  circular  pipes 
was  made  by  Hamilton  Smith,  Jr.,  at  the  works  of  the 
North  Bloomfield  Mining  Company  and  at  New  Alma- 
den,  in  Santa  Clara  County,  California.  The  details  of 
these  experiments  were  communicated  by  him  to  the 
American  Societ}-  of  Civil  Engineers. 

The  following  table  (XXII.),  compiled  by  Mr.  Smith, 
shows  the  results  of  88  experiments  as  to  the  discharge 
of  water  through  circular  pipes  "  varying  from  4  feet 
to  Yz  inch  in  diameter,"  and  with  velocities  varving  from 
20  feet  to  ^  of  a  foot  per  second.  The  standard  of  mea- 
sure used  was  that  of  the  United  States  Coast  Sur- 
vey. The  temperature  of  the  water  in  Nos.  35  to  87  was 
about  65°  Fahr.;  in  the  other  experiments,  from  50°  to 
55°  Fahr. 
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The  experiments  are  all  reduced  to  the  formula : 

where  v  =  velocity  in  English  feet  per  second. 
d  —  mean  diameter. 
/  =  length. 
=  effective  head. 
m  —  variable  coefficients. 
"  The  effective  head  h'  was  derived  from  the  total  head 
h  as  follows,  c  being  coefficient  of  contraction  at  en- 
trance :  "  * 


THE  PRESSURE  BOX. 

The  pressure  box  is  situated  at  the  end  of  the  ditch  in 
a  commanding  position  above  the  claim,  and  from  it  the 
water  is  delivered  into  the  sup])lv  l)ipe.  The  box  derives  its 
name  from  the  fact  that  the  head  or  pressure  is  measured 
from  this  point.  Connected  with  or  forming  a  part  of  the 
pressure  box  is  the  sand  box,  which  is  sunk  below  the 
level  of  the  flume  or  ditch,  and  arranged  to  catch  the 
gravel  or  sand  carried  along  bv  the  current.  It  is  emp- 
tied by  a  side  gate  as  circumstances  may  require. 

The  pressure  box  is  a  large  wooden  receptacle,  gene- 
rally constructed  of  i^^-inch  planks,  and  securely  held 
together  with  timbers.  It  is  sufficientlv  large  and  deep 
to  keep  the  head  of  the  pipe,  which  enters  it,  under  water 
with  a  steady  pressure. 

A  grating  of  bars  is  arranged  to  catch  all  floating  ma- 
terial, such  as  sticks  and  leaves.  The  water  should  be 
quiet  and  sufficiently  deep  to  prevent  any  air  from  being 
carried  into  the  pipe.  For  this  purpose  the  box  is  divided 
into  compartments,  one  of  which  receives  the  water  and 


•  See  *'  Trans,  of  the  Am.  Society  of  Civil  Engineers,'*  vol.  xii.  No.  204.  pp.  120-123. 


Fig.  31 

Figs.  29,  30,  and  31.    North  Bi.oomkiei.d  Pressure  Box. 
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quietly  discharges  it  into  the  second  through  lateral  open- 
ings. There  should  be  no  perceptible  difference  between 
the  water-supply  and  the  discharge,  or,  if  an}',  the  former 
should  be  in  excess,  and  the  surplus  should  be  regulated 
and  discharged  by  a  waste-gate  placed  near  the  end  of 
the  flume.  Some  pressure  boxes  are  arranged  for  two 
pipes. 

La  Grangfe  Pressure  Box.— The  following  is  a  de- 
scription of  a  pressure  box  at  the  La  Grange  Mine,  Stan- 
islaus County  : 

Some  350  feet  to  the  rear  of  the  pressure  box  there  is 
a  sand  box  in  the  ditch  connecting  with  the  waste-way. 
This  sand  box  is  2  feet  deep  (below  the  bottom  of  the 
ditch),  4  feet  wide,  and  4  feet  3  inches  long,  and  com- 
municates with  the  waste- way  by  means  of  a  gate  which 
slides  clear  to  the  bottom  of  the  box.  At  the  pressure 
box  the  four  end  posts  and  the  two  caps  belonging  to 
them  are  made  of  6"x8"  lumber.  The  six  intermediate 
posts,  three  on  a  side,  are  of  6"x6"  material,  and  their 
caps  are  of  the  same  dimensions.  All  the  sills,  and  the  two 
longitudinal  stringers  on  which  they  rest,  are  of  6"x8" 
"  stuff."  Up  to  high-water  mark  the  box  has  a  double 
lining  made  of  two  i^-inch  planks  battened  at  the  joints 
with  strips  inch  hy  4  inches.  A  22-inch  pipe  takes  the 
water.  Nine  feet  from  the  box  there  is  a  5-inch  diameter 
stand  pipe  which  extends  2  feet  above  the  top  of  the  pres- 
sure box. 

In  large  claims  the  pressure  box  ranges  from  10  to  20^ 
feet  in  length  with  a  single  pipe,  and,  where  two  pipes  are 
used,  from  12  to  30  feet.  Larger  boxes  are  also  built 
where  the  pressure,  sand,  and  measuring  boxes  are  com- 
bined in  one. 

The  pressure  box  at  the  Bloomfield  Mine  is  18  feet 
long  and  6  feet  wide,  so  arranged  that  the  sand  falls 
under  a  wooden  diaphragm  into  a  large  chamber  pro- 
vided with  a  gate. 
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THE  SUPPLY  OR  KEEU  PIPES. 

The  water  is  conveyed  in  iron  feed  pipes  from  the 
pressure  box  to  the  claim,  and  by  means  of  iron  gates  on 
the  lower  end  of  the  feed  pipes  it  is  distributed  to  the 
discharge  pipes.  The  supply  pipe  is  funnel-shaped  where 
it  connects  with  the  jjressure  box,  and  from  there  on  it  is 
usually  of  uniform  diameter  as  far  as  the  gate  or  discharge 
nozzle. 

Where  22  to  30-inch  pipes  are  used  it  is  not  advisable 
to  use  lighter  iron  tiian  No.  14,  B.  G.,  even  under  e.x- 
tremely  low  heads,  as  lighter  pipe  of  that  size  will  not 
bear  handling. 

The  main  supply  pipe  should  descend  in  the  most  con- 
venient and  direct  line  into  the  diggings,  avoiding,  so  far 
as  practicable,  angles,  rises,  and  depressions.  Air-valves 
should  be  arranged  at  proper  distances  to  allow  the  es- 
cape of  air  when  filling  the  pipe,  and  also  to  prevent  any 
collapse.  Where  the  pipe  passes  over  steep  banks  into 
the  claim  it  is  carried  on  a  trestle  and  braced,  care  being 
taken  to  prevent  any  movement  of  the  column.  When 
necessary  the  pipe  is  secured  with  frame-work  and 
weighted  with  stones.  At  all  angles  the  pipe  is  braced 
and  weighted. 

In  filling  the  supply  pipe  the  water  should  be  turned 
on  gradually,  all  sudden  straining  of  the  column  being 
thus  avoided.  Leakage  in  the  slip  joints  can  be  readily 
stopped  with  a  few  bags  of  sawdust  or  by  wedging  them 
with  thin  pieces  of  soft  pine.  Large  leaks  have  to  be 
closed  by  iron  grip-bands  drawn  together  by  means  of 
screws  or  wedges. 

The  lower  end  of  the  supply  pipe  was  formerly  fitted 
into  a  distributing  box  of  cast  iron,  from  which  one  or 
more  branch  pipes  were  taken  by  means  of  gates.  These 
are  now  abandoned  owing  to  their  great  cost  and  liability 
to  burst. 

The  present  practice  is  to  fork  the  main  pipe  wherever 
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an  attachment  is  required,  cast-iron  gates  being  placed  on 
each  branch.  The  annexed  sketch  (Fig.  32)  shows  the 
form  of  these  gates  used  in  the  mines,  and  also  as  a  dis- 
charge gate  for  reservoirs. 

Where  several  branch  pipes  are  supplied  from  the 
same  main  pipe  they  are  usually  of  smaller  diameter. 


I 


Fig.  32.  Distributing  Gate. 


Their  use  arises  from  the  greater  convenience  of  moving 
the  smaller  pipes.  They  are  generally  11  and  15  inches 
m  diameter.  It  is  recommended,  however,  in  order  to 
prevent  a  loss  of  head,  to  continue  the  branch  pipes  of 
the  same  size  as  the  feed  pipe,  and  to  regulate  the  dis- 
charge by  the  size  of  the  nozzles.  At  the  Southern  Cross 
and  Polar  Star  Mines  the  supply  pipes  at  the  pressure 
box  are  40  inches  and  48  inches  (respectively)  in  diameter, 
tapermg  for  500  feet  to  22  inches,  which  size  they  retain  for 
2,800  feel,  then  branching  into  two  pipes  each  of  15  inches. 
At  the  MalakofI  the  pipe  at  the  head  is  27  inches,  narrow- 


i8q  pipes  and  nozzles. 

ing  to  22  inches  and  15  inches  for  the  branches.  At  this 
mine  nozzles  of  6  inches  to  9  inches  diameter  are  used 
under  a  head  of  45"  feet.  At  the  American  Muie  the  pipes 
are  34  and  15  inches.  At  the  Bonanza  Mine  all  the 
pipes  are  16  inches.  At  the  Milton  Company-s  Manzanita 
Mine  the  pipe  is  22  inches  from  the  pressure  box  to  the 
nozzles.  1  his  pipe  is  4,000  (eet  long,  with  a  head  of  430 
feet. 

THE  DISCHARGE  PIPE  OR  NOZZLE. 

Goose  Neck.— rhe  first  improvement  in  discharge 
pipes  was  a  flexible  iron  joint  formed  by  two  elbows,  one 
working  over  the  other,  with  a  coupling  joint  between 
them.    These  elbow^s  were  called  Goose  Necks. 


Fig.  33. 


Their  construction  was  very  defective.  The  pressure 
of  the  water  caused  the  joint  to  move  hard,  and  when  the 
pipe  was  turned  horizontallv  it  was  apt  to  "  buck,  or  Hy 
around  in  a  contrary  direction.  The  same  thing  occurred 
in  elevating  and  depressing  the  pipe. 

Globe  Monitor.-The  Goose  Neck  was  succeeded  by 
the  Craig  Globe  Monitor,  a  simple  ball-and-socket  joint, 
which  was  difficult  to  work,  often  requiring  several  men 
to  manipulate  it.  . 

A  subsequent  invention  of  Mr.  Craig  was  the  interior 
tripod  and  belt.  "  This  was  a  tripod  with  a  centre  hav- 
ing a  hole  to  take  a  bolt  with  a  knob  on  the  end  :  the 
other  end  passed  out  through  the  top  of  th-  elbow  and 
had  a  nut  with  a  lever.    Fv   tiHi^ening  the  nut  it  threw 
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the  strain  on  the  bolt  and  reduced  the  friction  on  the 
joint  proper."  These  machines  were  hard  to  manage  and 
soon  became  leaky  at  the  joint. 


Fic.  34.  Craic's  Globe  Monitor. 


Hydraulii'  Chief. —The  invention  of  Mr.  Craig  was 
succeeded  by  the  "  Hydraulic  Chief,"  sometimes  known 
as  the  "  Knuckle-j(Mnt  and  Nozzle,"  invented  by  Mr.  F.  H. 
Fisher.    The  main  features  consist  of  two  elbows  placed 


Fig.  35.  The  Hydraulic  Chief. 


in  reversed  position  when  in  right  line,  connected  by  a 
ring  in  which  there  are  anti-triction  rolls.  The  ring  is 
bolted  to  a  flange  on  the  elbow,  but  gives  the  upper 
elbow  a  free  horizontal  movement,  while  the  vertical  mo- 
tion is  obtained  through  the  knuckle-joint,  which  is  placed 
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in  the  outlet  on  the  top  elbow.  This  joint  is  simplv  a 
concave  surface  fitted  to  a  conve.v  one,  the  former  having 
an  opening  for  the  pipe  to  pass  through. 

The  interior  of  the  machine  is  unobstructeti  by  any 
bolts  or  fastenings,  and  the  man  at  the  pipe  can  operate  it 
by  means  of  the  lever  without  personal  danger.  Vanes, 
or  rifles,  are  inserted  in  the  discharge  pipe  to  prevent  the 
rotary  movement  of  the  water  caused  by  the  elbows,  and 
to  force  it  to  issue  in  a  straight  line,  concentrated  and  in 
a  solid  form.  These  machines  soon  become  leakv  and  are 
expensive  to  keep  in  order. 

Dictator. — In  1870  the  Hoskins  Dictator  was  patent- 
ed. This  was  a  one-jointed  machine,  having  an  elastic 
packing  in  the  joint  instead  of  two  metallic  faces.  The 
joint  worked  up  and  down  on  the  pivots,  and  in  rotating 
it  the  wheels  ran  around  up  against  the  flange.  This  ma- 
chine, though  simple,  is  but  little  used. 

Little  Giant. — Mr.  Hoskins  subsequently-  invented 


the  "  Little  Giant,"  a  two-jointed  machine,  which,  on  ac- 
count of  its  simplicity  and  durability,  rapidly  superseded 
all  others.  It  is  portable  and  easilv  handled,  having  a 
knuckle-joint  and  lateral  movement.  The  Giants  have 
rifles,  and  nozzles  from  4  to  9  inches  in  diameter,  5}^  to 
7-inch  nozzles  being  most  generally  used. 
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In  setting  Giants  they  must  be  firmly  bolted  to  a  heavy 
piece  of  timber,  and  this  timber  securely  braced  against 
the  solid  gravel  or  rock.  The  machine  and  adjacent 
length  of  pipe  must  also  be  weighted  to  the  ground. 
The  bearings  should  be  lubricated.  Tallow  or  axle-grease 
is  preferable  to  oil  for  this  purpose. 

Hydraulic  Giant. — The  Hydraulic  Giant  is  a  modi- 
fication of  the  Little  Giant.  The  several  sizes,  as  con- 
structed by  Joshua  Hendy,  are  as  follows  : 


Inlet, 

Outlet, 

Inside  Diam. 

Weight 

No. 

inches. 

inches. 

Nozzle  Butt. 

lbs. 

  7 

5i 

4  in. 

245 

 9 

7 

5  " 

450 

3  

7* 

5  or  6  " 

665 

4  

 II 

9i 

7  " 

750 

 15 

9l 

8  " 

875 

6 

 15  . 

II 

9  " 

1,050 

Fig.  38.  The  HvnRAULic  Giant. 


Monitor. — Fig.  39  represents  a  Monitor  Hydraulic 
Machine  with  a  "  deflecting  nozzle,"  the  invention  of  Mr. 
Henry  C.  Perkins. 

Deflector. — By  means  of  the  "  deflecting  nozzle  "  the 
Giant  can  be  turned  to  any  point  and  the  stream  directed 
with  the  greatest  facility. 

A,  Cast-iron  nozzle. 

B,  Deflecting  nozzle  of  wrought  iron,  attached  to  A 
by  a  joint  similar  to  a  compass  gimbal. 
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C,  Lever  to  govern  the  movement  of  />'. 

D,  Rest  for  lever  B. 

The  operation  is  as  follows  :  When  the  lever,  C,  is  in  the 
rest,  D,  the  deflecting  nozzle,  />,  being  of  a  larger  diameter 
than  nozzle.  A,  allows  the  stream  of  water  from  nozzle,  A, 
to  pass  through  without  obstruction.  To  move  the  pipe 
the  lever  is  taken  from  the  rest  and  thrust  in  the  direction 
in  which  it  is  desired  to  throw  the  stream.  Anv  move- 
ment of  the  lever,  C,  either  to  the  right  or  left,  or  up  or 


down,  throws  the  end  of  the  nozzle,  B,  into  the  stream  of 
water.  The  force  of  the  water  .striking  B  changes  the 
course  of  the  discharge,  the  entire  machine  moving  in  ac- 
cordance with  each  change  of  the  deflector. 

Hoskins'  deflecting  nozzle  is  of  cast  iron,  of  the  same 
size  as  the  main  nozzle,  to  which  it  is  attached  by  a 
packed  universal  joint.  This  deflector  is  operated  by  a 
lever  in  a  manner  similar  to  that  already  described.  It 
has  the  disadvantage  of  causing  a  constant  interference 
with  the  stream  of  water,  and  is  somewhat  dang,  '-ous  to 
use. 


Fig.  39.  Monitor  Hydraulic  Machine. 
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VARIOUS  MECHANICAL  APPLIANCES. 

Derricks. — Strong  derricks  are  used  in  hydraulic 
mines  to  facilitate  the  removal  of  large  boulders  and  rocks, 
which  are  of  frequent  occurrence.  The  present  style  of 
bed-rock  derrick  has  a  mast  loo  feet  high,  and  a  boom  92 
feet  long,  which  is  set  in  a  cast-iron  bo.v  placed  on  sills. 
The  mast  is  held  in  position  by  six  guys  of  galvanized  iron 
wire  rope  one  inch  in  diameter.  A  whip  block,  with 
three-quarter  inch  diameter  steel  rope,  is  used  for  the 
hoisting  tackle.  A  twelve-feet  diameter  Hurdy-gurdy 
wheel  is  attached,  and,  using  30  inches  of  water  under  275 
feet  head,  it  lifts  stones  weighing  eleven  tons.  The  guys 
are  held  b}-  double  capstans. 

This  derrick  can  be  readily  moved  100  feet  in  ten 
hours  without  being  taken  down. 

Hurdy-gurdy  Wheels. — Derricks  and  electric-light 
machines  necessitate  the  employment  of  a  motor,  par- 
ticularlv  one  driven  by  water,  and  capable  of  utilizing 
high  heads.  Hence  the  use  of  water-wheels  of  the  class 
known  as  "Impact*  Wheels,"  locally  called  "  Hurdy- 
gurdys." 

These  are  wheels  moved  by  a  stream  or  jet  of  water 
issuing  under  pressure  from  a  conical  nozzle  and  striking 
open  buckets  on  the  circumference  of  the  wheel.  The 
buckets,  originally  flat,  have  been  modified  in  shape,  and 
thereby  the  efficiency  of  the  wheel  greatly  increased. 

Experiments  at  North  Bloomfield. — The  first 

*  See  comment  on  the  use  of  this  term,  p.  194. 

185 


VARIOUS  MECHANICAL  APPLIANCES. 


VARIOUS  MECHANICAL  APPI.IAN'CES. 


noteworthy  experiments  recorded  were  made  about  ten 
years  ago  by  Hamilton  Smith,  Jr.,  at  North  Bloom- 
field.  The  wheel  was  of  the  ordinary  pattern  with  flat 
buckets,  1 8  feet  in  diameter  on  the  outside  and  17  feet 
4  inches  in  diameter  to  inner  line  of  buckets  (17  feet 


Scale 


Fig.  42.  HuRDY-GuRDY  Wheel. 

8  inches  in  diameter  at  centre  line  of  buckets).  The 
buckets  were  4  inches  deep,  with  flanges  on  each  side. 
The  work  done  was  measured  by  a  Frony  dynamometer. 

The  following  table  shows  the  result  obtained.  The 
head  given  shows  the  real  head  in  feet  at  tlie  point  t)f  the 
discharge. 
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description  01  nozzle. 

Diameter  of  nozzle  in  feet. 

Head,  in  feet,  at  nozzle. 

Discharge    of    water  per 
second  in  cubic  feet. 

Velocity  of  water  due  to 
gravity. 

Actual    velocity   of  water 
at   smallest   diameter  of 
nozzle. 

Speed  of  wheel  at  centre 
of  buckets  when  running 
light. 

Highest    horse-power  de- 
veloped. 

Ratio   of    work   done  to 
theoretical  power  of  wa- 
ter. 

Speed   cf  wheel  at  centre 
of  buckets  when  giving 
most  work.  | 

Number  of  nozzles.  See 
sketches. 

.0531 

322.3 

144.0 

145.8 

82.8 

3-8 

.3,8 

4S.8 

I 

Ring   •• 

.0597 

3"6-3 

.240 

142.6 

85-7 

76.4 

2-7 

.312 

44-8 

2 

.0850 

312. 1 

-759 

141. 7 

133-7 

95.6 

II. 7 

-4?  7 

57-' 

3 

1  312.6 

.511 

141. 8 

90.7 

7-5 

.414 

54-7 

4 

f  312.2 

.509 

141-7 

90.3 

90.4 

4 

.0850 

314.4 

-774 

142.2 

136.4 

II. 8 

-427 

57-3 

3 

Nozzle  tapered,  uncut.. 

.0868 

316. 1 

.8.3 

142.6 

■37-4 

II. 3 

•387 

59-8 

5A 

.1017 

J  3'7-9 

I. Ill 

143.0 

1.36-8 

15.9 

.396 

66.1 

7 

l.IIO 

142.5 

136.7 

95-2 

7 

.0868 

j  332-6 

.831 

146.2 

140.4 

13.0 

.413 

58.2 

5B 

1  335-9 

-833 

147.0 

140.8 

98-5 

5B 
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Experiments  at  the  Empire  3Iill. — An  experi- 
ment at  the  Empire  Mill,  French  Corral,  was  made 
under  the  following  circumstances,  giving  the  a^uiexed 
results:  Ten  stamps,  weight  of  each  693 pounds. 
Drop,  0.768  feet.  Speed  ol  stamps,  62.2  drops  per  min- 
ute. Work  done  by  91.68  cubic  feet  of  water  per  min- 
ute head.  130.1  feet.  Size  of  wheel,  13)^  feet  outer 
diameter.  Diameter  of  wheel,  12.58  feet  to  centres  of 
buckets.  Size  of  buckets,  4  inches  wide  and  6  inches 
deep,  set  10  inches  apart.  Water  conducted  to  wheel 
through  an  1  i-inch  pipe  866  feet  long.    The  wheel  was 


direct  on  the  cam  shaft ;  single  cams  used.  The  mill 
crushed  60  tons  of  gravel  in  24  hours  ;  one-quarter-inch 
screens  were  used. 

Description  of  nozzle   Ring. 

Diameter  of  nozzle  in  feet   .1S2 

Head,  in  feet,  at  nozzle.  ...    130. i 

Discharge  of  water  per  second  in  cubic  feet   1.528 

Velocity  of  water  due  to  gravity   91.4 

.Actual  velocity  of  water  at  small  diameter  of  nozzle   58.5 

Speed  of  wheel  at  centre  of  buckets  when  running  light  

Highest  horse-power  developed   lo.o 

Ratio  of  work  done  to  theoretical  power  of  water   .445 

Speed  of  wheel  at  centre  of  buckets  when  giving  most 

work   41.0 

Number  of  nozzle  (see  sketch)   3. 


The  head  at  French  Corral  was  the  height  of  the 
water  in  pen-stock  above  the  nozzle,  no  allowance  being 
made  (as  in  the  North  Bloomfield  experiments")  for  the 
loss  of  head  by  friction  in  pipes  and  by  leakage.* 

Curved  Buckets. — Recent  patterns  of  wheels  with 
curved  buckets  have  given  an  efficiency  very  much  in  ex- 
cess of  that  described  above. 

Tests  at  the  Idaho  Mine. — A  series  of  comparative 
tests  was  made  in  the  spring  of  1883  at  the  Idaho  Mine. 

*  All  the  data  given  on  pages  189  and  190  concerning  Hurdy-gurdy  wheels  were  com- 
municated by  the  author  to  the  American  Institute  of  Mining  Engineers  in  a  paper  read  at 
the  Wilkesbarre  meeting.  May,  1877.  See  vol.  vi.  "Trans.  Amer.  Inst.  Mining  En- 
gineers.'* 
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Grass  Valley,  with  the  Fredenburr,  Peltoii,  Knight,  and 
Taylor  wheels,  the  results  of  which  are  given  below.  The 
tests  were  made  in  public,  all  owners  of  wheels  having  a 
right  to  compete.  Prony's  Friction  Dynamometer  was 
used,  the  brake  acting  on  wheels  6  feet  in  diameter. 
The  point  of  contact  with  the  scale  beam  (57.3  inches) 
described  a  circumference  of  30  feet.  The  supply  main 
was  6,900  feet  long,  22  inches  in  diameter,  with  a  head  of 
3861^  feet  at  nozzle.  A  pressure  gauge  placed  a  short 
distance  back  from  the  discharge  nozzle  (1.89  inches  (?)  in 
diameter)  is  said  to  have  registered  standing  165  pounds, 
and  running  162  pounds.  The  water  from  the  wheel  was 
discharged  into  a  flume  36  feet  long,  36.5  inches  wide,  and 
24  inches  deep.  There  were  three  check-boards  placed  in 
the  flume  below  where  the  water  entered.  The  hook 
gauge,  arranged  on  one  side  of  the  flume,  was  set  24 
inches  back  from  the  weir.  The  water  passed  freely 
around  the  hook  and  was  very  quiet  in  the  flume.  A 
weir,  12  inches  deep  and  36^  inches  wide,  made  of  ^- 
inch  iron,  over  which  the  water  flowed  without  contrac- 
tions, was  placed  at  the  end  of  the  flume.  Francis'  for- 
mula for  the  discharge  of  water  over  weirs  was  adopted 
as  the  basis  of  the  calculations. 

The  following  are  the  official  returns  : 


FREDENBURR  WHEEL. 


Head  of 

Cubic  ft. 

Weight  on 

Revolu- 

Horse- 

water 

of  water 

brakes,  lbs. 

tions. 

power. 

over  weir, 

per  min- 

inches. 

ute. 

444K 

196 

79.2 

4-975 

163.211 

358^ 

260 

84.2 

6( 

246 

80.8 

ti 

33^K 

276 

84.4 

tt 

tt 

298 

281 

76.1 

i* 

358 

259 

84.3 

<i 

Other  tests 

were  made 

of  this  wheel 

resulting  in  an 

average  of  8 

looo  horse-power  [?],  utilizing  69.6-10  per  cent,  of  the  force  and  impact  of 
the  water. 


I 
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Pf.I.TON  WHKEL — FIRST 

TEST. 

Head  of 

Weight  on 

Revolu- 

Horse- 

water 

brakes,  lbs. 

tion:^. 

power. 

over  weir, 

inches. 

465 

254 

107.58 

4.975 

465 

255 

107.79 

460 

256 

107.05 

460 

256^ 

107.26 

1  ( 

SECO.ND  TEST. 

465 

108.43 

4.950 

470 

249 

108.39 

460 

2571^ 

107.68 

.< 

465 

254 

107.37 

•■ 

LOWER   NOZZI  E. 

460 

257 

107.47 

4.950 

465 

254}^ 

107  58 

it 

STILL  LOWER. 

465 

253 

106.95 

4-950 

HIGH  NOZZLE. 

465 

256 

108  21 

4.950 

465 

249 

105.26 

Average  horse-power,  107.49-100,  or  90.2-10  per  cent. 


KNKiHT  WHEEL — FIRST  TEST. 


Cubic  ft. 
of  water 
per  min- 
ute. 

163. 211 


162.98 

162.98 

I62.9S 
162.93 


Weight  on 
brakes,  lbs. 

Revolu- 
tions. 

Horse- 
power, 

Head  of 

water 
over  weir, 

inches. 

Cubic  ft. 
of  water 
per  min- 
ute. 

217 

84.8 

152.60 

400 

233 

84.36 

400 

236 

85.8 

The  cubic  inches  of  water  in  this  test  were  reckoned  on  the  amount  of 
miner's  inches  used,  allowing  1.40  cubic  feet  per  minute  for  I  miner's  inch 
— this  shows  77.18  per  cent,  of  the  power  of  the  water. 


460 

475 


241 

204 


SECOND  TEST. 

100.78 
88.09 


5.32s 
5.100 


180.72 
160.35 


Average  per  cent,  of  first  test,  76.5-10.  Average  percent,  of  second  test, 
71.2-10.  These  were  the  only  tests  made  of  this  wheel,  the  nozzle  breaking 
and  there  being  no  other  on  hand. 
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TAYLOK  WHEEL. 

Head  of  Cubic  ft. 

Weight  on  Revolu-  Horse-  water  of  water 

brakes,  lbs.  tions.  power.  over  weir,  per  min- 

inches.  utc. 

400  1S4  66.91  4-975  163.211 


3121^  254  72.16 

.\verage  per  cent,  of  first  test,  55.1-10.  Average  per  cent,  of  second 
test,  60.5-10. 

The  accuracy  of  the  weir  measurements  may  be  con- 
sidered doubtful.  From  the  data  obtained  it  did  not  ap- 
pear that  the  increased  discharge  due  to  velocity  of  ap- 
proach had  been  taken  into  account.    To  check  this  es- 


FiG.  44.  The  Pelton  Wheel. 


timate  of  flow  the  diameter  of  the  nozzle  above  given 
could  not  be  used,  as  it  was  not  accurately  measured  and 
the  coefficient  of  efflux  had  not  been  established.  How- 
ever, sufficient  is  known  to  justify  the  assumption  that 
the  efficienc)'  of  the  Pelton  wheel  is  at  least  86  per  cent. 

Tests  at  the  University  of  California. — The  latest 
and  most  accurate  data  are  derived  from  a  monograph  by 
Ross  E.  Browne,  of  the  University  of  California  ;  these, 
with  the  pertnission  of  the  author,  are  here  given  entire. 

Hurdv-gurdy  wheels  are  commonly  called  "  Impact 
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Fig.  45. 


Fig.  46. 


wheels,"  though  such  a  name  is  misleading,  and  entirely 
loses  its  signihcance  when  the  bucket  is  given  its  best 
form.  When  a  jet  of  water  strikes  a  stationary  bucket 
shaped  as  shown  in  Fig.  45  or  in  Fig.  46,  as  soon  as  the 
motion  has  become  permanent  the  wedgc-sha])ed  portion 
of  the  water  shaded  with  horizontal  lines  be- 
comes  practically  station- 
ary. We  have  actual  im- 
pact only  for  a  minute  in- 
terval of  time — I.e.,  while 
the  wedge  is  forming.  Af- 
ter this  the  water  is  simply 
deflected  from  its  course,  and  the  bucket  becomes  almost 
instantaneously  a  pressure  bucket. 

When  such  a  bucket  is  used  for  a  wheel  it  is  plain  that 
this  shaded  portion  of  the  water  is  "  carried  "  and  must 
subsequently  escape  with  nearl}'  the  full  velocity  of  the 
bucket.  Its  useful  effect  is  therefore  very  small  as  com- 
pared with  that  of  the  water  actually  deflected.  No  ad- 
vantage comes,  then,  from  impact ;  on  the  contrary,  serious 
losses  are  due  to  it. 

The  originally  flat  bucket  (see  Fig.  45)  has  been  ma- 
terially improved  : 

1st.  By  giving  it  curvature  (see  Fig.  46). 
2d.  By  tilling  m  the  wedge  and  making  it  a  part  of 
the  bucket.  This  second  improvement  brings  us  to  the 
"  Pelton  wheel  "  (see  Fig.  53),  which  is  b)-  no  means  an 
"  impact  "  but  distinctly  a  "  pressure  "  wheel.  B)-  filling 
in  the  wedge  impact  is  avoided.  The  same  thing  in  prin- 
ciple could  be  accomplished  with  the  simply  curved 
bucket  by  having  the  jet  strike  one  side  instead  of  the 
centre  (see  Fig.  47). 

A  prominent  distinction  between  the  Hurdy-gurdy 
wheel  and  the  Partial  Turbine  rests  in  the  fact  that  the 
former  has  "  open  "  and  the  latter  "  closed  "  buckets. 
When  properl)'  constructed  tiie  one  is  no  more  an  "  im- 
pact wheel  "  than  the  other. 
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The  principal  sources  of  loss  in  Hurdy-gurdy  wheels 
are  in  general  : 

1st.  The  energy  remaining  in  the  water  after  being 
discharged  from  the  bucket. 

2d.  The  heat  developed  by  impact  of 
the  water  in  striking  the  bucket. 

3d.  The  fluid  friction  of  the  water  in 
passing  over  the  surface  of  the  bucket. 

4th.  The  loss  of  head  in  the  nozzle. 
The  loss  in  the  supply  pipe  is  not  charged 
to  the  wheel. 

5th.  The  journal  friction. 

6th.  The  resistance  of  the  air. 

In  the  formulas  below  all  of  these  sources  of  loss  but 
the  first  are  neglected  ;  and  for  the  purpose  of  weighing 
the  importance  of  curvature  in  the  buckets,  it  is  assumed 
that  all  of  the  water  escapes  from  the  bucket  with  the 
same  velocity — i.e.,  no  water  is  "  carried  "  with  the  wheel. 
Let  c  designate  the  velocity  of  the  bucket  in  feet  per 
second. 

V      "  "    velocity  of  the  jet  escaping  from  the 

nozzle. 

u       "  "    relative  velocity  of  discharge  from 

the  bucket. 

w       "  "    absolute  velocity  of  discharge  from 

the  bucket. 

Q       "  "    quantity  of  water  supplied  per  sec- 

ond in  cubic  feet. 
y       "  "    weight  of  one  cubic  foot  of  water. 

L       "     •       "    useful  work  (in  foot  lbs.  per  second) 

under  the  above  conditions. 
Tj       "  "    efficiency  of  the  wheel  under  the 

above  conditions. 
^       "  "    acceleration  of  gravity. 

d       "  "    angle  made  by  the  discharge  end  of 

the  bucket  with  its  line  of  motion 
(see  Fig.  48). 
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Then  u  =  v  —  c 

2UC  COS  0  —  7''  — 

(2W-2C')  (l  +COS 

.^J'\  —  9lL  (2VC  — 
'  2g 

2C')  (l  +COS  0) 

=  2  (l  +COS  0) 

And  bv  varying  the  velocity  of  the 
bucket  we  have  lor  the  greatest  effi- 
ciency— 


'^  =  2(i+cos«)  (r,  -:-v)  =  o 


Fir..  4S. 


 V 


(I) 


ie  the  velocity  of  the  bucket  should  be  one-half  the 
velocity  of  the  supply  water  (the  jet)  escaping  from  the 
nozzle/and  this  is  not  very  materially  mcnhhed  by  intro- 
ducing the  other  conditions.  Hence  the  greatest  ef- 
ficiency — 

;;  =  l(l+COSr))  ^) 

The  smaller  we  make    the  greater  will  be  this  efficiency. 

Flat  Buckets.— If  the  bucket  is 
flat,  (5  =  90  degrees,  hence  /y,  =  5°  P^r 
cent.  ;  i.e.,  50  per  cent,  could  not  be 
reached  with  flat  buckets,  on  account 
of  the  sources  of  loss  neglected  in 
these  formulas. 

A  series  of  experiments  were  made 
with  such  flat  buckets  (see  Fig.  50) 
with  a  ^-inch  nozzle. 

The  curve  of  efficiencv  for  various 
speeds,  as  established  from  these  experiments,  is  shown 


Fic.  49. 
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in  Fig.  56.    A  nozzle  gave  results  but  slightly  dif- 

fering from  these. 


(scale  y^) 

Fig.  50. 


The  highest  result  was  40.4  per  cent,  under  50.2  feet 
head. 

The  velocity  of  the  jet  being  appro.ximately  v  =  .98 
A/64.36  X  50.2  =  55.7  feet  per  second,  we  should  have  for 
best  efficiency,  if  the  conditions  were  such  as  led  us  to 
equation  (i),  the  velocity  ol  point  /'  oi  the  bucket  c  = 

27.85.     This  corresponds  to  6.8  revolutions  of  the 

wheel  per  second,  which  is  marked  b}'  a  heavy  vertical 
line  crossing  the  curve  very  near  the  point  of  the  best 
efficiency  actually  obtained. 


Fig.  51.  Fig.  52. 


Curved  Buckets. — If  d  could  be  made  =o,  we  should 
have,  under  our  assumed  conditions,  jy,  =  100  per  cent.  ; 
w  would  be  =  o,  and  the  water  would  simply  fall  from 
the  bucket  by  its  own  weight.    Evidentlv,  then,  o  should 
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section  and  an  isometric  projection  of  the  bucket  are 
shown  in  Fig.  52.  The  angle  0  is  just  sufficient  to  provide 
against  interference  of  the  discharged  water  with  the 
buckets  following. 

The  face  of  the  bucket  is  inclined  to  the  diameter  of 
the  wheel. 


EFFICIENCY 


Experiments  were  first  made  with  seven  differen  set- 
tings of  the  nozzle.  For  direction  (Fig.  53)  of  jet  the 
efficiency  was  68.1  per  cent.,  inr  d  80.5  per  cent.,  lor  d.. 
78.4  per  cent.  The  nozzle  was  permanently  set  to  give 
direction  d  to  the  jet. 
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The  cfificienc)'  was  then  determined  for  various  veloci- 
ties of  the  wheel : 

I  St.  With  a  ^-inch  nozzle  giving  82.5  per  cent,  as  best 
result  (see  Figs.  54  and  56). 

2d.  With  a  ^-inch  nozzle  giving  75.6  per  cent,  as  best 
result  (see  Fig.  54). 

3d.  With  a  fVinch  nozzle  giving  82.6  per  cent,  as  best 
result.  * 

Doubtless  the  nozzle  might  have  been  increased  to  ^ 

inch  without  materially  re- 
ducing the  efficiency. 

Another  set  of  experi- 
ments was  made  with  the 
^-inch  nozzle  under  various 
heads,  from  50  feet  down  to 
8  feet,  showing  a  gradual 
decrease  in  useful  effect  (see 

Fig-  55)- 

At  8  feet  the  efficiency 
still  remained  as  high  as  73 

JO  I  1  1  1  1  1  j    percent.    In  experimenting 

with  the  "curved  buckets" 
the  efficiencv  might  possi- 
bly have  been  raised  2  or  3 
per  cent,  bv  attending  more 
^  ^  carefullv  to  the  curve  and  to 
the  size  of  nozzle  used.  Still 
there  was  probabl)-  a  gain 
of  more  than  12  per  cent,  due  to  the  introduction  of  the 
wedge  in  the  Felton  bucket. 

In  comparing  the  three  Hurdy-gurdy  wheels  experi- 
mented with,  it  is  evident  from  Figs.  52,  46,  and  45  that 
the  "  Pelton  bucket "  will  "  carry  "  the  least,  and  the 
•'  curved  bucket  "  the  greatest,  quantity  of  water.  This 


.70 


.00 


.40 


H  •  10      20      30  40 
HEAD  or  WATER  m  FEET. 


Fig.  55. 


*  In  view  of  the  fact  that  Mr.  Pelton  claims  a  still  higher  efficiency  for  his  wheel,  it 
should  be  staled  that  although  he  furnished  the  pattern  for  the  bucket,  the  wheel  does  not 
precisely  conform  in  all  particulars  to  his  standard. 


VARIOUS  MECHANICAL  APPLIANCES.  20I 

"  carried "  water  is  the  most  important  of  the  sources 
of  loss  not  taken  into  account  in  equations  (i)  and  (2). 
Hence  the  approximate  best  speed  as  calculated  from 
equation  (i)  differs  least  from  the  actual  best  speed  as 
found  by  experiment,  in  the  case  of  the  "  Pelton  bucket," 
and  most  in  the  case  of  the  "  curved  bucket  "  (see  Fig. 


56).    It  is  perfectly  sate  to  say  the  Pelton  bucket  should 
have  one-half  the  speed  of  the  supply  jet  for  best  effect. 
It  is  plain  that  the  Pelton  wheel  has  certain  advan- 

*  The  Partial  Turbine  here  mentioned  is  a  Tangential  Wheel  with  inner  feed,  and  was 
specially  designed  for  a  small  supply  jet. 


202 


VARIOUS  MECHANICAL  APPLIANCES. 


tages  over  the  Tangential  u  lieel.  It  is  more  easily  built^ 
has  a  decided  advantage  in  the  setting  of  the  nozzle,  and 
is  not  so  dependent  on  the  precise  size  of  nozzle  used. 
The  capacity  of  these  wheels  may  be  doubled  by  adding 
another  nozzle. 

It  is  quite  likely  that  a  wheel  considerably  larger  than 
the  one  used  at  the  University  could  be  made  to  give  a  still 
higher  efficiency  than  the  82^  per  cent,  found.  The 
angles  in  the  pattern  for  bucket  castings  could  be  made 
more  accurate. 

THE  PAN. 

The  pan,  an  indispensable  companion  of  the  gold- 
miner,  is  pressed  from  a  single  piece  of  Russia  sheet  iron. 
It  is  12  inches  in  diameter  at  the  bottom  and  15  to  16 
inches  on  the  top,  the  sides  inclining  outward  at  an  angle 
of  about  30  degrees,  and  turned  over  a  wire  around  the 
edge  to  strengthen  it.  It  is  used  in  prospecting,  cleaning 
gold-bearing  sand,  collecting  amalgam  in  the  sluices,  and, 
in  fact,  in  every  branch  ot  the  business. 

Its  proper  manipulation  for  washing  dirt  requires  a 
certain  skill,  which  can  be  acquired  only  by  practice.  The 
pan,  filled  with  dirt,  is  submerged  in  a  tub  or  pool  of  water 
and  the  gfravel  worked  with  the  hands  until  all  cemented 
material  is  disintegrated.  The  coarse  stones  are  cleaned 
and  thrown  out.  In  washing  the  residue  the  pan  is  held 
in  a  tilted  position.  By  a  circular  motion  and  by  careful 
use  of  the  water,  into  which  the  jjan  is  continually  dipped, 
all  the  lighter  dirt  is  worked  to  the  top  and  over  the  edge 
(pebbles  being  picked  out  by  hand)  until  only  the  hne 
gold  and  black  iron  sand  remain. 

THE  BATEA. 

The  batea  is  a  shallow  wooden  bowl  commonly  used 
in  Brazil  and  the  Spanish-American  .States  for  separating, 
on  a  limited  scale,  grains  of  gold  from  sand,  pyritic  mat- 
ter, and  magnetic  iron.    "A  disc  of  17  inches  diameter. 
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being  turned  conical  12  degrees,  will  have  a  depth  of  i^ 
inches  from  centre  to  surface.  The  thickness  may  be 
^  of  an  inch.  The  outer  edge,  perpendicular  to  axis, 
will  require  wood  2^  inches  thick  for  its  construction. 
The  best  wood  is  Honduras  mahogany."* 

THE  ROCKER. 

The  rocker  is  a  box  40  inches  long,  16  inches  wide  on 
the  bottom,  i  foot  high,  with  sides  sloped  like  a  cradle, 
and  with  rockers  at  the  middle  and  back  end. 

The  upper  end  is  a  hopper,  20  inches  square,  4  inches 
deep,  with  a  perforated  iron  bottom  with  half-inch-diame- 
ter holes.  This  top  hopper  is  removable.  Under  the  per- 
forated plate  there  is  a  light  frame,  placed  on  an  incline, 
upon  which  a  canvas  apron  is  stretched,  forming  a  riffle. 

In  washing  with  the  rocker  the  material  is  thrown  into 
the  hopper  and  water  is  poured  on  with  a  dipper  held  in 


Fir,.  57.  The  Rocki.r. 


one  hand,  while  with  the  other  hand  the  cradle  is  kept 
rocking.  The  water  washes  the  sand  and  dirt  through  the 
bottom  of  the  hopper,  and  the  gold  or  amalgam  is  either 
caught  in  the  apron  or  picked  up  in  the  bottom  of  tlic 
rocker,  while  the  sand  and  lighter  material  are  discharged 
at  the  end,  and  the  coarse  material  in  the  hopper  is 
thrown  aside.  In  California  rockers  were  extensively 
used  before  the  introduction  of  ditches,  but  now  they 


*  See  paper  by  Melvilh  Atlwood,  "  Transactions  Cal.  State  Cieological  Soc." 
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are  cini>l()yecl  <jiily  when  cleaniiifi^  up  placer  claims  and 
quartz  mills,  for  the  collection  of  finely  subdivided  parti- 
cles of  amalgam  and  quicksil)*er. 

THE  TOM. 

The  torn,  said  to  have  been  an  importation  from 
Georgia,  was  first  used  in  Nevada  Count)'  in  the  latter 
part  of  1849.  It  a  rough  trough  about  12  feet  long, 
from  15  inches  to  20  inches  wide  at  the  top,  30  inches 
wide  at  the  lower  end,  and  8  inches  deep.  It  is  supported 
on  timbers  or  stones,  and  set  on  an  incline  of,  say,  12  inches 


Fir.  58.  The  Tom. 


(or  I  inch  per  foot).  A  sheet-iron  plate,  perforated  with 
iiolcs  half  an  inch  in  diameter,  forms  the  bottom  of  the 
lower  end  of  the  trough,  which  is  bevelled  on  the  lower 
side,  so  as  to  have  the  plate  on  a  level. 

The  material,  when  fed  in  from  sluices,  on  striking  the 
riddle  (or  perforated  plate')  is  at  once  sorted,  the  fine  dirt 
with  the  water  passing  through  it,  while  the  coarser  stufi 
is  shovelled  off. 

ITnder  the  perforated  plate  there  is  a  flat  box  set  on  an 
incline,  into  which  the  finer  gravel  passes.  By  the  con- 
tinual discharge  of  the  water  through  tiic  ])late,  and  with 
the  occasional  aid  of  the  shovel,  the  sand  is  kept  loose, 
allowing  the  gold  to  settle.  Since  the  introduction  of 
sluices  the  tom  has  disappeared. 
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THE  PUDDLING  BOX. 

The  puddling  box  is  a  wooden  box,  usually  6  feet 
square  and  18  inches  deep,  arranged  with  plugs  for  dis- 
charging the  contents.  The  box  is  filled  with  water  and 
clayey  dirt  containing  gold.  By  continuous  stirring  with 
a  rake  the  clay  is  dissolved  in  the  water  and  run  off. 
The  concentrated  material  collected  in  the  bottom  is 
washed  subsequently  in  a  pan  or  rocker.  The  puddling 
box  has  been  used  to  a  very  limited  extent  in  California, 
but  in  Australia,  according  to  Forbes,  no  less  than  3,950 
of  them,  worked  by  horse-power,  were  in  use  in  Victoria 
alone  in  i860.* 

AMALGAM  KETTLES. 

The  amalgam  and  quicksilver  kettles  are  ordinary 
sheet-iron  buckets  or  porcelain-lined  iron  kettles.  Tn 
cleaning  up  they  arc  especially  used  as  receptacles  lor 
floating  the  gold  amalgam.  The  amalgam,  previous  to 
straining  and  retorting,  is  floated  in  quicksilver  in  order 
to  free  it  of  all  foreign  substances. 


*  J.  R.  Forbes,  "  Mining  and  Metallurgy  of  Gold  and  Silver." 
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BLASTING  (.RAVEL  UANKS. 

Where  the  dep(jsits  arc  very  stront^lv  cemented  blast- 
ing is  necessary. 

The  ordinary  method  of  blasting  gravel  banks  is  as 
follows  :  A  drift  is  run  in  from  the  face  on  the  bottom  of 
the  deposit  a  distance  proportionate  to  the  height  of  the 
bank  (as  a  general  rule  not  over  three-quarters  of  this  for 
high  banks)  and  the  character  of  the  ground  to  be  moved. 
From  the  end  of  this  drift  a  cross  drift  is  driven  each  way 
(forming  a  T).  The  cross  drift  is  charged  with  kegs  of 
j)owdcr.  the  main  drift  is  securely  tamped  by  filling  it  up 
solid  with  the  material  which  has  been  extracted,  and  the 
powder  is  exploded  by  means  of  a  time  fuse  or  an  electric 
battery,  in  some  instances  when  the  ground  is  "  heaw 
and  bound  "  several  cross  drifts  are  used  The  amount 
of  pinvder  used  is  determined  by  the  position,  character, 
and  height  of  the  bank,  a  quantity  sufficient  only  to  shat- 
ter the  ground  being  emploved. 

Blast  at  Siiiartsville. — The  following  details  of 
several  large  blasts  are  given  as  illustrating  the  general 
facts.  A  blast  of  450  kegs  of  black  {)owder  was  made  at 
Smartsvillc  in  hard  cement  with  an  80-foot  bank,  the 
ground  being  ordinarily  bound  {i.e.,  with  two  sides  free). 
The  main  powder  drift  was  run  in  from  the  face  of  the 
bank  85  feet,  cross  drifts  being  opened  each  side  40  feet 
and  85  feet  from  the  mouth.  Each  cross  drift  was  45  feet 
long,  and  from  its  ends  and  centres  two  "  lifters  "  were 
driven  at  right  angles  to  it,  extending  respectively  half 
way  to  the  next  Cross  drifts  and  to  the  face  of  the  bank. 
After  charging  the  cross  drifts  the  main  drift  was  tamped 
and  the  powder  exploded  b)'  means  of  an  electric  battery. 
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The  arrangement  of  the  powder  chambers  for  a  1,201- 
keg  blast  made  by  the  Smartsville  Hydraulic  Mining 
Company  in  December,  1868,  is  shown  in  the  follcjwing 
diagram. 

X  was  a  shaft  74  feet  deep,  from  the  bottom  of  which 
the  main  drift.  A,  was  driven  185  feet.    The  cross  drifts, 

B,  three  in  number,  were  driven 
at  distances  respectively  of  70 
leet,  120  Icct,  and  170  leet  from 
the  shaft,  X.  They  extended 
each  20  feet  on  one  side  of  the 
main  drift  and  40  feet  on  the 
other  side.  The  several  drifts 
marked  C  are  called  "  lifters." 
Each  "  lifter  "  was  15  feet  long. 
The  total  length  of  the  drifts 
aggregated  570  feet.  They  were 
2  1/2  feet  wide  and  3}^  feet  high 
The  cross  drifts  were  charged 
with  1,201  kegs  (25  pounds  each) 
of  black  powder.  The  main 
drift  was  securely  tamped  from 
the  shaft  to  the  first  cross  drift, 
a  distance  of  70  feet.  The  pow- 
der was  simultaneously  ignited 
by  electricity  at  12  different 
points. 

The  ground  moved  was  270 
feet  long,  180  feet  wide,  with  an 
average  depth  of  100  feet.  The 
cost  of  the  blast  was  about 
$6,000. 

Blue     Point     Blast.— A 

large  blast   of   2,000  kegs  (25 
pounds  each)  was  exploded  De- 
cember 29,  1870,  at  the  Blue 
Point  Mine,  Sucker  Flat,  Nevada  County.    The  main  drif*- 
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was  325  feet  long.  Commencing  at  the  upper  end  of  tfie 
drift,  a  cross  drift  was  run  80  feet  to  the  right  and  120  feet 
to  the  left.  Five  additional  cross  drifts  of  similar  length 
were  driven  from  the  main  drift  50  feet  apart,  the  last  one 
being  opened  at  a  point  75  feet  distant  from  the  entrance 
of  the  tunnel.  There  were  three  lifters  in  this  last  cross 
drift,  two  in  the  left  arm  and  one  at  the  end  of  the  right 
arm.  The  main  drift  was  tamped  from  the  entrance  to 
the  first  cross-drift.  The  drifts  were  3  hv  4  feet  in  size. 
The  blast  was  simultaneously  fired  at  ten  different  points 
by  electricity.  The  mass  shattered  was  reported  as  200 
feet  long,  1 50  feet  wide,  and  73  feet  deep. 

At  the  Enterprise  Mine,  Nevada  County,  with  250  feet 
bank,  a  blast  of  1.700  kegs  was  fired. 

Paragon  Mine  Blast.— In  1874  there  was  a  blast  of 
700  kegs  black  powder  set  off  at  the  Paragon  Mine,  Placer 
County.  The  details  of  the  drifts  arranged  for  the  blasts 
are  shown  in  Fig.  60. 

The  main  drift,  A,  was  tamped  for  75  feet  from  the 
near  end,  and  the  cross  drifts  tamped  10  feet  each  wav,  a 
space  being  left  in  the  lifters  for  the  expansion  of  the  gas 
generated  by  the  explosion  of  the  powder.  The  drifts 
were  4^  feet  high  and  5  feet  wide,  and  the  bank  was  150 
high.  The  blast  was  fired  by  electricity,  and  the  ground 
covered  by  the  drifts  was  thoroughly  shattered. 

A  blast  of  3,500  pounds  of  giant  powder  No.  2  was  fired, 
in  1872,  in  the  Harriman  and  Taylor  claim  at  Gold  Run, 
Placer  County,  and  is  reported  to  have  thrown  down 
200,000  cubic  yards  of  gravel. 

Dardanelles  Mine  Bhist.— At  the  Dardanelles  Hy- 
draulic and  Drift  Mine  near  Forest  Hill,  Placer  County,  a 
blast  was  made  with  36,400  pounds  of  Judson  powder  (old), 
shattering  about  500,000  cubic  yards  of  cement  gravel. 
The  gravel  bank  had  a  face  of  some  1,200  feet  in  length, 
with  a  height  of  175  feet.  This  deposit  reposed  on  a  ris- 
ing bed-rock.  Five  parallel  drifts,  180  feet  apart,  were 
run  in  from  the  face  a  length  of  70  feet  each.    From  thf 
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end  of  each  of  tliese  drifts  two  arms  (rig^ht  and  left)  or 
cross  cuts  were  di-iven  70  feet  long,  thus  leaving  a  space 
of  40  feet  between  the  ends  of  the  cross  cuts  from  the 
several  main  drifts.  The  powder,  in  50-pound  boxes,  was 
charged  in  lots  of  1,000  to  1,500  pounds  in  the  different 
chambers.    In  each  chamber  three  exploders  were  placed 

<  B    60'  X  B      70'   > 
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Fig.  60. 

in  the  powder,  each  exploder  being  carefully  connected 
by  an  insulated  copper  wire  witii  the  main  wires  on  tlie 
outside  of  the  drifts. 

The  drifts  were  all  well  tamped  with  clay  and  boul- 
ders. The  wires  from  the  exploders  connected  outside  of 
the  main  drifts  with  two  copper  wires  from  an  electro- 
magnetic battery  which  was  situated  to  the  right  and 
about  200  feet  from  the  face  of  the  bank.  When  every- 
thing was  ready  (November  8,  1879)  the  blast  was  fired. 
The  back  ground  was  raised  bodih'  4  or  5  feet,  and  the 
face  was  thrown  forward. 
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At  the  Blue  Tent  Mine,  Nevada  County,  in  1880,  a 
bank  .00  feet  Iiigli  was  thrown  down  with  43,000  pounds 
of  powder. 

BlU!stiiij>:  I'owder.— Common  blasting  pinvder  was 
almost  universally  used  up  to  1876.  Since  that  time 
Judson  powder  has  been  introduced,  and  combinations  of 
black  blasting  powder  and  Giant  powder  also  have  been 
experimented  with.  Giant  powder  is  extensively  used  for 
breaking  up  lava,  pipe-clay,  boulders,  trunks  and  stumps 
of  trees,  for  all  of  which  purposes  it  is  found  to  be  very 
efficient. 

Methods  of  Blasting.— In  certain  districts  it  is 
customary  to  wash  off  the  top  or  lighter  gravel  and  subse- 
quently blast  the  bottom  cement.  For  this  purpose  shafts 
15  to  20  feet  deep  are  sunk  to  the  bed-rock,  and  a  small 
chamber  is  excavated  at  the  bottom.  This  chamber  is 
charged  with  a  few  kegs  of  powder  and  tamped,  and  a 
blast  is  fired  by  means  of  a  fuse. 

The  want  of  proper  information  concerning  the  use 
and  application  of  powder  to  bank-blasting  has  undoubt- 
edly caused  a  great  waste  of  explosives,  and  the  subject 
is  well  worthy  of  mvcstigation  with  a  view  to  future  im- 
provement. 

In  blasting  gravel  banks  it  is  desirable  to  thorough- 
ly shatter  the  material.  To  accomj)lish  this  purpose 
one  must  be  governed  bv  the  character  of  the  ground 
in  the  selection  of  the  powder.  In  hard  cemented  de- 
])()sits  quick  powders  like  the  Judson  (a  low-grade  nitro- 
glvcerine  powder)  and  the  Vulcan  B  B  are  found  to  work 
better  than  black  powder;  while  the  latter  does  fully  as 
much  work  in  softer  ground,  a  slow-lifting  powder  is  in 
such  cases  all  that  is  requisite. 

With  verv  high  banks  it  is  more  economical  to  blow 
out  the  bottom  and  not  attempt  to  raise  the  superincum- 
bent mass.  The  charge  should  be  placed  so  that  the  line 
of  least  resistance  is  horizontal. 

With  banks  from  50  to  150  feet  high,  and  likewise  in 
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cement  gravel  of  ordinary  tenacity,  the  following  method 
has  been  found  to  give  excellent  results. 

The  main  drift  should  be  run  in  a  distance  of  two-thirds 
the  height  of  the  bank  to  be  blasted.  The  cross  drifts 
from  the  end  of  the  main  drift  should  be  driven  parallel 
with  the  face  of  the  bank,  and  their  lengths  determined 
by  the  extent  of  the  ground  which  is  to  be  moved.  A 
single  T  is  all  that  is  necessary. 

The  minimum  amount  of  powder  required  is  from  lo 
to  20  pounds  per  i  ,000  cubic  feet  of  ground  covered  by 
the  drifts.  The  quantity  used  necessarily  varies  with  the 
character  of  the  gravel.  When  the  banks  are  strongly 
bound  or  the  gravel  is  very  tenacious  the  quantity  must 
be  increased.  Small  blasts,  everything  else  being  equal, 
require  a  larger  amount  in  proportion  to  the  ground  than 
large  ones,  varying  in  practice  from  10  to  50  pounds  for 
each  1.000  cubic  feet.  It  is  usuall}-  expected  that  a  blast 
will  prepare  nearly  double  the  quantity  of  the  ground 
covered  by  the  drifts. 

The  annexed  table  is  a  record  of  all  the  large  bank  blasts 
fired  on  the  Milton  Mining  and  Water  Company's  property 
at  Manzanita  Hill,  Sweetland,  Nevada  County,  during  a 
period  of  three  years.  These  blasts  were  made  under  the 
immediate  direction  of  Richard  Thomas,  foreman. 

The  top  gravel  had  been  previously  washed  off,  leav- 
ing banks  from  50  to  150  feet  in  height.  The  gravel  is 
usually  hard,  and  cemented  for  50  feet  (rarely  higher) 
from  the  bottom.  Above  this  cemented  material  the 
gravel  is  comparatively  soft  and  easily  broken,  and 
therefore  the  amount  of  powder  employed  is  propor- 
tionately lessened  as  the  banks  increase  in  height. 

From  the  appearance  of  the  ground  subsequently 
washed  it  was  estimated  that  225  to  230  cubic  feet 
were  shattered  per  pound  of  powder  exploded.* 


•  Report  upon  the  Blasting  Operations  at  Lime  Point,  California,  by  Lieutenant- 
Colonel  G.  H.  Mendell,  Corps  of  Engineers.  U.  S.  A.,"  gives  interesting  details  of  large 
Masts  in  rock  formation. 
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Bank  Blasting  at  the  Mamanita  Mine,  Sweelland,  Nevada  Co.,  Cat. 
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In  the  blasts  here  recorded  Judson  powder  chiefly  «  iwcd.  only  «imall  proportion  bcinf 
Black  powder  and  Vulcan  I!  It. 
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Firing"  by  Electricity. — The  firing  of  blasts  by 
means  of  electricity  requires  that  great  care  should  be 
taken  of  the  wires  while  tamping,  and  where  dynamite 
exploders  with  platinum  wires  are  used  the  "compound 
circuit  "  is  most  desirable.  A  paper  entitled  "  On  the 
Simultaneous  Ignition  ol  Thousands  of  Mines,"  by  Julius 
H.  Striedinger,  published  in  the  "  Transactions  "  for  June, 
1877,  of  the  American  Society  of  Civil  Engineers,  con- 
tains much  valuable  information  on  the  subject. 

In  charging  the  drifts  the  powder  (in  boxes  or  kegs)  is 
piled  up  in  rows;  two  wires,  A  A  and  D  D  (see  Fig.  61), 


Fig.  61. 


extend  along  the  middle  row,  the  tops  of  the  boxes  on 
which  wires  rest  being  removed.  The  exploders,  b,  b,  b, 
are  inserted  in  giant-powder  cartridges  and  placed  on 
top  of  the  paper  covering  the  powder. 

The  wires  A  A  and  D  D  are  then  connected  with  the 
wires  Y  Y'  and  Z  Z',  which  extend  to  the  battery. 

Tamping. — Great  care  should  be  used  to  prevent 
the  "blowing-out"  of  the  tamping,  which  results  not 
only  in  considerable  loss  of  effect,  but  often  causes  great 
destruction  to  property  and  even  to  life.  It  is  advisable, 
when  firing  blasts  by  fuse,  to  tamp  nearl)'  the  entire  main 
drift.  The  gravel  extracted  from  the  drift  is  used  for 
this  purpose,  and  should  be  fairly  dry  and  as  free  as  possi- 
ble from  large  stones,  which  cause  great  damage  in  case 
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of  a  blow-out.  The  tamping  must  be  firmly  rammed  by 
wooden  mauls,  so  that  it  will  not  settle  from  the  roof  of 
the  drift.  In  order  to  guard  against  failure  through 
defective  fuse  it  is  customary  to  use  two  or  three  lines, 
which  are  simultaneousl\-  ignited. 

Firing  by  electricity  has  the  advantage  of  requiring 
less  tamping  and  of  permitting  it  to  be  placed  in  the  cross 
drifts  between  the  two  chambers  of  powder,  which  are 
simultaneously  fired — a  result  that  could  not  be  effected 
b}'  fuse.  The  force  from  the  exph)sion  from  the  two 
chambers,  acting  upon  the  tamping  from  opposite  sides, 
prevents  its  being  blown  out ;  and  therefore  when  drifts 
are  fired  in  this  way  it  is  nccessar\-  to  tamp  but  a  short 
distance  in  the  cross  drifts  and  but  a  few  feet  in  the  main 
drift. 

Owing,  however,  to  the  many  failures  arising  from  de- 
fective batteries  and  connections,  the  miners  generally 
have  abandoned  the  use  of  the  electric  battery. 
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CHAPTER  XIV. 

TUNNELS  AND  SLUICES. 

Tunnels. — Tunnels  are  run  for  the  purpose  of  open- 
ing gravel  claims  (where  open  cuts  are  impossible  on  ac- 
count of  the  formation  of  the  ground),  and  also  to  afford 
proper  facilities  for  removing  the  washed  material. 

A  tunnel  should  be  driven  well  into  the  channel  be- 
fore any  connection  is  made  with  the  surface. 

Shafts  for  Tunnels. — The  shaft  which  connects 
with  the  headings  should  be  vertical,  though  in  some 
cases  inclines  have  been  used.  Its  size  is  determined 
by  the  requirements  of  the  work,  and  varies,  for  ordi- 
nary cases,  from  3  by  3  feet  to  4>4  b}'  9  feet  in  the 
clear.  When  raising  from  the  tunnel  due  precaution 
should  be  taken  against  accidents  arisuig  from  the  rush 
of  water,  sand,  and  gravel,  which  is  liable  to  occur  on 
tapping  the  bottom  of  a  deposit.  A  shaft  4}^  bv  9 
feet  should  be  divided  into  two  compartments,  one  of 
which  will  serve  as  a  man-way.  A  compartment  4  bv 
4  feet  in  the  clear  is  ample  for  the  water-wav. 

It  may  be  noted  that  a  vertical  shaft,  when  properly 
timbered,  is  the  most  desirable  and  economical  for  open- 
ing hydraulic  claims,  and  with  drops  of  300  feet  no  trouble 
has  been  experienced.  There  is  no  difficulty  in  connect- 
ing directly  with  the  tunnel  where  the  work  is  done  well 
and  the  mine  properly  opened.  But  where  washing  is 
going  on  through  a  shaft  into  a  tunnel  in  process  of  ex- 
tension, it  is  convenient  to  have  the  shaft  located  at  one 
side  and  connected  with  the  tunnel  by  a  short  drift.  By 
this  means  the  work  in  the  tunnel  can  progress  while  the 
washing  is  carried  on. 

21S 
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Shaft  Timbering.  -Where  a  shaft  is  in  hard  rock, 
and  no  man-way  is  needed,  timbering  is  unnecessary  ;  but 
in  soft  rock  or  gravel,  to  avoid  any  accident  or  delay  the 
shafts  should  be  strongh-  timbered,  closely  lagged,  and 
lined  on  the  inside  with  blocks  (6  to  lo  inches  thick)  to 
within  8  to  30  feet  of  the  surface,  the  depth  being  depen- 
dent on  the  softness  of  the  gravel.  This  top,  being  the 
first  washed  off,  thereby  gives  the  initial  grade  for  the 
ground  sluices.  As  washing  proceeds  the  upper  lining 
and  timbers  are  removed  to  enable  the  material  to  be 
drawn  into  the  shaft.  A  shaft  in  hard  rock  can  be  par- 
titioned for  a  man  way  with  stoll-timbers  firmly  wedged 
and  blocked. 

No  extraordinarv  precaution  is  recjuired  for  the  pro- 
tection of  the  bottom  of  the  shaft,  the  material  washed 
being  allowed  to  drop  directly  on  the  bed  rock,  where  it 
soon  wears  a  hole,  in  which  the  large  stones  from  the 
mine  lodge  and  form  a  pavement.  At  the  junction  of  the 
shaft  and  the  tunnel  the  latter  sliould  be  increased  in 
height  at  least  50  or  75  per  cent. 

Second  Shaft. — With  long  tunnels  it  is  advisable  to 
sink  a  second  shaft  at  a  convenient  distance  from  the 
heading.  Formerly,  as  a  precautionary  measure,  a  man 
was  placed  in  the  tunnel  to  watch  the  washings,  and  in 
such  cases  a  second  shaft  was  indispensable.  It  is  now 
customary,  when  washing  into  a  shaft,  to  provide  a  swing- 
ing door  over  the  sluice,  about  75  feet  below  its  head,  and 
connected  by  chain  and  ro.pes  to  a  signal  on  top  of  the 
shaft  which  gives  the  pipe-men  notice  in  case  of  overflow. 

Should  an  accident  occur  at  the  main  shaft  by  its  cav- 
ing or  closing  up,  the  second  shaft  might  afford  the  neces- 
sary facilities  for  continuing  the  work.  When  a  line  of 
pipe  is  carried  down  the  second  shaft  for  the  purpose  of 
assisting  in  opening  the  closed  one,  great  precaution  must 
be  used  in  piping,  part<cularlv  if  the  closed  shaft  is  filled 
with  water.  When  this  expedient  has  to  be  resorted  to 
it  is  usual  to  place  the  pipes  in  position  and  withdraw  the 
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workmen  before  the  water  is  turned  on  ;  and  if  the  block- 
ade is  not  broken  in  a  reasonable  time  the  water  is  shut 
off,  men  go  down  and  extend  the  pipes  nearer  the  block- 
ade, and  again  the  water  is  turned  on,  and  the  operation 
is  continued  until  the  blockade  is  broken.  If  the  shaft  or 
tunnel  is  closed  by  gravel  mi.\ed  with  heavy  boulders  it 
is  necessary  often  to  employ  powder. 

First  Washing. — The  first  washings  through  a  shalt 
should  be  done  with  care,  and  the  surface  within  as  great 
a  radius  as  can  be  convenientl}'  washed  and  drawn  should 
be  cleared  on  all  sides  before  taking  off  the  t(jp  timbers. 
Attempts  to  push  this  preliminar}-  work  have  frequently 
caused  an  over  crowding  of  the  shaft,  resulting  in  its 
filling  up  or  caving.  It  is  therefore  essential  that  the 
gravel  should  be  run  so  as  to  avoid  the  rush  of  material 
from  caves. 

Size  of  Tunnel. — The  size  of  the  tunnel  is  generally 
dependent  on  the  size  of  the  sluice.  It  is  usually  driven 
2  to  3  feet  wider  than  the  inside  width  of  the  sluice,  and 
jYz  to  8  feet  high.  These  proportions  permit  the  proper 
construction  of  the  sluice  and  give  sufficient  room  for  the 
blocks  and  for  the  workmen  when  cleaning  up.  The 
grade  depends  on  the  topography  of  the  country. 

Location  of  Tunnels. — In  locating  the  mouth  of  a 
drainage  tunnel  (or  of  an  open  cut)  that  point  is  to  be 
selected  from  which  the  sluices,  running  on  the  most 
direct  practicable  line  with  a  given  grade,  can  bottom  the 
maximum  extent  of  the  "  pay  channel  "  at  the  smallest 
expense.  Due  regard  should  be  had  to  the  dump,  and 
allowances  made  for  contingencies  arising  from  changes, 
such  as  depressions  and  holes  in  the  bed-rock. 

Where  the  bed-rock  disintegrates  on  exposure  to  the 
air  an  extra  allowance  for  depth  is  advisable.  This  ad- 
ditional depth  is  a  matter  of  judgment,  and  is  regulated 
by  the  character  and  peculiarities  of  the  bed-rock,  extent 
of  ground  to  be  worked,  and  the  position  of  the  shaft.  It 
is  always  possible  to  "  ease  up  "  the  grade  ;  but  if  the  main 
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line  of  drainage  is  once  fixed  and  proves  to  be  too  high, 
it  is  a  source  of  endless  expense,  frequently  fatal  to  the 
enterprise.  Many  instances  could  be  cited  where,  for 
want  of  properly  conducted  preliminarv  investigations, 
tunnels  have  been  driven  (jn  too  liigh  a  level  and  thereby 
the  enterprises  have  resulted  in  failures. 

At  the  Pioneer  Mine,  Grass  Flat,  Plumas  County,  the 
original  owners  in  openmg  their  claim  ran  a  tunnel  4,000 
Icet  long.  When  midway  in  the  channel  the  tunnel  was 
found  to  be  22  feet  above  the  bed-rock.  The  sum  of  §60,- 
000* expended  in  this  work  was  a  total  loss,  and  the  sub- 
sequent purchasers  were  obliged  to  expend  over  $100,000 
in  properh-  opening  the  mine. 

SLUICES. 

The  name  "sluice"  was  originalh  applied  bv  the 
miner  to  the  sluice  box.  Subsequently  several  sluice 
boxes  were  joined  together  for  permanent  washing,  and 
the  word  "  flume  "  was  used  sy  nonymously.  The  word 
sluice  used  in  the  text  refers  only  to  troughs,  cuts,  or 
boxes  in  which  or  througli  whicli  gravel  or  dirt  is 
washed,  in  contradistinction  to  the  term  fluuic,  which  is 
applied  solelv  to  wooden  structures  used  for  water  con- 
duits. 

To  secure  the  maximum  discharge  sluices  should  be 
set  on  straight  lines  so  far  as  possible,  and  where  curves 
occur  the  outer  side  of  the  box  should  be  slightly  raised, 
in  order  to  cau.se  a  more  general  distribution  of  the  ma- 
terials over  the  riffles.  When  lines  of  sluices  have  fre- 
quent curves  it  is  customary  to  make  no  changes  in  the 
grades,  although  to  secure  the  greatest  flow  of  material 
doubtless  provision  should  be  made  to  overcome  retarda- 
tion bv  increased  grades  at  and  below  the  curves.  Sluices 
with  drops  are  highlv  desirable  for  saving  gold. 

Grade. — The  facility  with  which  gravel  can  be  moved 
depends  mainly  on  the  inclination  which  is  given  to  the 
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sluices.  The  question  of  grade  is  therefore  one  of  vital 
importance,  and  to  properly  investigate  and  determine 
this  point  great  care  and  skill  are  requisite.  When  the 
topography  of  the  country  admits  of  unlimited  fall  the 
grade  upon  which  the  sluices  are  set  should  be  regulated 
by  the  character  of  the  gravel.  Where  the  wash  is  coarse 
and  cemented,  requiring  blasting,  or  where  there  is  much 
pipe-clay,  a  heavy  grade  is  necessar}-.  Strongly  cement- 
ed gravel  requires  drops  to  break  it  up. 

General  Grade  Adopted. — Exjoerience  thus  far  has 
led  to  the  adoption  in  most  localities  of  what  is  called  a  6 
or  Gyi-iwch  grade,  meaning  6  or  6j4  inches  to  the  box  12 
feet  long,  or,  say,  a  4  to  4^  per  cent,  grade.  In  some 
places,  where  large  quantities  of  pipe-clay  are  washed  off, 
9  and  12-inch  grades  to  the  box  are  used  (6  to  8  per  cent.) 
In  others,  on  account  of  natural  obstacles  encountered,  a 
ijA  per  cent,  grade,  or  2_^  to  3  inches  per  box  of  16  feet,  is 
used. 

Light  gravel  containing  clay  or  earthy  matter  can  be 
moved  on  an  easier  grade  and  with  less  water  than  heavy 
gravel ;  nevertheless,  when  a  4}4  per  cent,  grade  can  be 
obtained  it  is  desirable,  as  it  lessens  the  labor  of  handling 
rocks  and  more  material  can  be  washed.  Moreover,  as 
light  gravel  is  generally  poor  in  gold,  this  deficiency 
can  be  made  up  only  by  washing  large  quantities.  Light 
gravel  requires  that  the  water  should  be  run  with  suf- 
hcient  force  to  carry  off  the  rocks  washed  through  the 
sluice,  and  yet  be  in  only  sufficient  volume  to  prevent 
the  packing  of  black  and  heavy  sand.  If  too  much  water 
is  used  by  superincumbent  pressure  the  sand  drops  and 
packs  the  riffles. 

The  best  results  are  obtained  with  shallow  streams  on 
light  grades.  Coarse  gravel  demands  from  four  to  seven 
per  cent,  grades  and  a  proportionate  increase  of  water. 
In  washing  this  heavy  material  the  water  in  the  sluice 
should  be  deep  enough  (10  to  12  inches)  to  cover  the 
largest  boulders  ordinarily  sent  down. 
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As  a  larger  volume  of  water  is  sent  through  a  sluice 
running  heavy  cement  gravel,  more  material  can  be  trans- 
ported and  washed  if  a  proper  proportion  of  light  and 
heavy  gravel  is  made.  The  rocks  and  cement,  as  dis- 
charged into  the  sluices,  keep  the  sand  stirred  and  pre- 
vent its  packing,  while  the  cement,  rolling  along  the 
sluice,  is  disinte<^ratcd. 

At  Forest  Hill  Divide  some  of  the  mines  use  a  grade 
of  lo  to  24  inches  per  12  feet.  The  reason  for  this  exces- 
sive grade  is  the  scarcity  of  water  and  the  heavy  material, 
it  being  necessary  to  run  rocks  as  large  as  can  pass 
through  a  four-foot  flume. 

Size  of  Sluice. — The  size  of  the  sluice  depends  on 
the  grade,  character  of  the  gravel,  and  quantity  of  water 
to  be  used.  A  sluice  6  feet  wide  and  36  inches  deep  on  a 
4  or  5  per  cent,  grade  will  suffice  for  running  2,000  to 
3,500  inches  of  water.  One  4  feet  wide,  30  inches  deep, 
on  a  grade  of  4  inches  to  16  feet,  will  suffice  for  800  to 
1.500  inches  of  water,  and  on  a  4  per  cent,  grade  it  is 
large  enough  for  2,000  inches.  A  sluice  3  feet  wide  and 
30  inches  deep,  with  a  1^^  per  cent,  grade,  is  suitable  for 
600  to  1,000  inches. 

As  to  the  length,  the  principle  is  to  construct  the  line 
sufficiently  long  to  insure  the  most  complete  disintegra- 
tion of  the  material,  affording  ample  surface  for  the  grind- 
ing of  the  cement,  and  the  best  facilities  for  the  gold  to 
settle  in  the  riffles.  The  length  of  the  sluice  employed 
should  be  governed  bv  its  yield,  the  rule  being  to  keep 
extending  the  sluice  so  long  as  the  yield  exceeds  the  ex- 
pense. 

Details  of  Coustriietioii. — Sluices  of  a  width  of 
4  feet  and  upward  are  made  of  i  ^  or  2  inch  plank,  with 
sills  and  posts  of  4  by  4  or  4  bv  6  inch  scantling.  To 
guard  against  leakage  of  quicksilver  it  is  important  that 
the  bottom  should  be  tiffht.  To  secure  this  the  bottom 
planks  should  be  of  half-seasoned  lumber,  free  from  knots, 
and  the  joints  grooved  and  a  dr}-,  soft  pine  tongue  in- 
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serted.  The  bottom  and  sides  are  spiked  together  gene- 
rally with  nails  four  inches  apart.  It  is  not  necessary  to 
plane  either  the  bottom  or  side  planks.  In  many  cases  the 
planks  are  simply  fitted  well  and  closely  nailed  together. 

The  sills  are  placed  from  3  to  4  feet  apart,  depend- 
ing upon  the  size  of  the  scantling  used,  which  is  regulated 
by  the  width  of  the  sluice  ;  thus  a  4-foot  sluice  would  re- 
quire a  sill  7  feet  long,  of  4  by  6  or  4  by  4  inch  stuff.  The 
posts  are  halved  into  the  sills  and  firmly  spiked,  and  every 
second  or  third  post  should  be  supported  by  an  angle 
brace.  The  bottom  planks  should  be  solidly  secured  to 
the  sills  by  a  liberal  use  of  heavy  S[)ikes.  The  bottom  of 
a  new  sluice  is  liable  to  be  raised  by  the  pressure  of  the 
water  which  collects  under  it  and  finds  no  discharge. 
To  avoid  this  the  flume  should  be  heavily  weighted  down 
by  loading  the  ends  of  the  sills  with  stones.  In  tunnels 
the  ends  of  the  sills  can  be  held  down  by  braces  extend- 
ing to  the  rock  overhead. 

North  Bloomfleld  Tunnel  Sluice. — The  annexed 
diagrams  give  the  detailed  construction  of  the  tunnel 
sluice  box  used  at  the  North  Bloomfield  Mine.  The  box 
is  6  feet  wide  and  12  feet  long,  with  sides  32  inches  deep. 

To  each  sluice  box  are  used : 


8  Posts  

4  SiUs  

3  Bottom  planks 

4  Side  planks.  . . 
2  Top  rails  

16  Braces  


4  inches  X  6  inches  X  3  feet  2  inches. 


4  " 

X  6  ' 

'     X  8 

2  " 

X  24  ' 

'     X  12 

" 

X  16  ' 

'     X  12 

2  " 

X   8  • 

'     X  12 

2  " 

X  4  ' 

'     X  2 

On  the  outside  of  the  tunnel  the  sills  and  braces  are 
longer.  The  nails  for  the  bottoms  are  lod.,  for  the  sides 
2od.  The  side  lining,  composed  of  worn  blocks  when 
available,  is  3  inches  thick,  18  to  20  inches  deep,  and  is  set 
2%  to  3>^  inches  above  the  bottom  The  riffle  strips, 
between  the  blocks,  are  \%hy  i  inches  and  5  feet  1 1  % 
inches  long.  The  blocks  are  13  inches  deep  and  20>^ 
inches  .square,  and  average  about  19  to  the  box.  Where 
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Stone  riffles  are  used  the  bottom  of  the  sluice  is  lined 
with  rough  plank. 

The  top  sluice  on  one  side  is  for  carrying  sipage  water 
when  the  blocks  are  being  set.  It  is  13  inches  wide  and 
14  inches  deep,  and  is  made  of  i^-inch  plank. 

Bed-Kock  Chiiiii  Sluice  Boxes. — At  the  Bed-Rock 
Claim,  Nevada  County,  the  tunnel  sluice  boxes  are  14 
feet  long,  5  feet  wide,  and  32  inches  deep.  The  details  of 
a  bo.\  are  as  follows  : 

4  Sills   4  inches  X   6  inches  X  7  feet. 

2  inches. 


8  Posts  

...  4  " 

X 

6  ■ 

X 

3  " 

....  ii,  " 

X 

4  ' 

X 

2  " 

2  " 

X 

7  ' 

X 

14  " 

...  Il^" 

X 

20  ' 

X 

14  " 

.1 

X 

X 

14  ■' 

...    1%  " 

X 

20  ' 

X 

14  " 

2     "  "   

...  1^, 

X 

12  ' 

X 

14  " 

g  Riffle  strips  

...   I>4  " 

X 

3  ' 

X 

5  " 

28  Lineal  feet  side  lining  (blocks  3  inches  X  20  inches). 

28  Lineal  feet  bracing  to  hold  down  sluice,  4  inches  X  6  inches. 

27  Blocks,  17  inches  square,  13  inches  deep. 

In  the  construction  of  a  bo.\-  tiicre  are  used  : 

Lumber  and  side  lining,  650  feet,  at  $20   $13  00 

Blocks,                         704   "    ■■  $14   g  86 

Nails,                            20  lbs.  "     5  cents    r  00 

Labor  at  $2  50  to  $3  per  day   7  00 


Cost  per  box   $30  86 

La  Grange  Sluice  Boxes. — At  the  La  Grange 
Mine,  Tuolumne  Count}',  a  sluice  box  4  feet  wide,  32 
inches  deep,  and  i6  feet  long  is  built  as  follows : 

4  Sills   4  inches  X   6  inches  X   7  feet. 

2  End  posts                      4     "      X  6     "  x  3  "    2  inches. 

6  Intermediate  posts           4     '•      X    4     "  X   3  "    2  " 

16  Braces                             I     "      X   6     "  X   3  " 

2  Bottom  planks                 1^2  "      X  24     "  X  16  " 

4  Side  planks                       jl^  "      X  16     "  X  16  " 

2  Side  linings                    i}^  "      X  8     "  X  16  " 

2  Top  rails.                               "      X   8     "  X  16  " 

12  Riffle  bars                         ^%  "      X   2     "  X   4  " 

Aggregating  420  feet  of  lumber. 

36  Blocks,  14  inches  s(|uare  and  8  inches  deep. 
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To  each  box  15  pounds  of  nails  arc  used— viz. ; 

12  Nails,  lod.,  side  lining  tu  sides. 

160  "  I2t/.,  braces  to  posts  and  sills. 

40  "  20J.,  posts  to  sills. 

76  "       "     sides  to  bottoms. 

36  "       "     blocks  to  riffle  bars. 

32  "       "     bottom  sides  to  posts. 

64  "       "     top  sides        "  " 

50  "  3o</.,  bottoms  to  sills. 

50  "       "     top  rails  to  posts  and  sides. 


The  cost  per  box  was : 

420  feet  lumber,  at  3  cents  per  foot   $12  60 

36  B  ocks.        •'35     '•    12  60 

15  lbs.  Nails,    "   434  "    64 

Labor  at  $1  to  $2  50  per  day   2  50 


Total  $28  34 


Riflfles. — The  use  of  riffles  dates  back  to  the  earliest 
days  of  gold-washing.  Blankets,  hides  with  the  hair 
turned  uppermost,  and  grass  sods  were  employed  by  the 
primitive  South  American  miners,  and  also  steps  cut  in 
the  bare  bed-rock.  In  California  every  variety  has  been 
tried,  but  blocks  and  rocks  are  now  generally  used. 

The  character  of  the  riffle  employed  is  dependent 
upon  the  length  of  the  sluice,  while  the  length  of  the 
sluice,  in  turn,  depends  upon  the  hardness  of  the  gravel, 
and  more  especiallv  upon  the  character  of  the  gold — scale 
gold,  with  large  amounts  of  black  sand  and  hne  sulphur- 
ets,  escaping  all  riffles  for  long  distances. 

Block  KifHes. — Block  riffles  are  square  wooden 
blocks  8  to  13  inches  deep,  set  on  end  in  rows  across  the 
sluice,  with  each  row  separated  by  a  space  of  i  to  i}4 
inches.  They  are  kept  in  position  by  riffle  strips,  i  ^  inches 
thick  by  2  or  3  inches  wide,  held  crosswise  on  the  bottom, 
between  the  niws.  bv  the  side  lining,  and  secured  to 
the  blocks  bv  means  of  headless  nails.  Block  rifiles  are 
also  set  and  tirmlv  held  in  position  by  means  of  soft  pine 
wedges  driven  between  the  bhicks  and  the  sides  of  the 
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sluice.  When  wedges  are  used  tlic  sides  of  the  blocks 
should  be  square  where  they  adjoin  one  another.  A  side 
lining  is  required  in  all  sluices.  In  cement  claims  blocks 
3  inches  thick,  and  covering  i8  to  20  inches  (in  depth)  of 
the  side,  are  used  for  side  lining. 

Advaiitiis^e  of  Blix  k  Kifflos  The  advantages  af- 
forded hy  blocks,  which  should  always  be  used  at  the 
heads  of  sluices,  are  : 

ist.  The  cross  riffle  which  they  make  is  not  excelled 
by  any  other  form. 

2d.  Their  cheapness  under  ordinary  conditions  of 
timber  supply. 

3d.  The  convenience  of  cleaning  up,  which  can  be 
quickly  and  cheaply  done. 

This  last  circumstance  is  of  especial  importance,  be- 
cause it  is  often  desirable  to  collect  the  gold  at  frequent 
intervals,  as  it  is  injudicious  to  e.\pose  amalgam  collected 
in  the  riffles  to  wear  by  the  gravel  running  over  it  for 
long  periods. 

Experience  shows  square  block  riffles  to  be  the  best 
for  saving  gold.  The  objection  to  their  use  is  the  cost  of 
wear  and  tear.  Rocks  aie  the  most  economical  substi- 
tute, but  sluices  set  with  them  reepiirc  steeper  grades  and 
more  water. 

Life  of  Blocks — The  life  of  a  block  depends  on  the 
quality  of  the  wood,  the  grade,  the  character  and  quan- 
tity of  the  gravel,  and  the  amount  of  water.  The  larger 
the  amount  of  water  (on  the  same  grade)  in  proportion 
to  that  of  gravel,  the  less  the  wear  of  the  blocks.  The 
quality  of  the  wood  varies  greatly  in  different  localities. 
The  best  and  most  desirable  timber  comes  from  the 
higher  sierra.  Wood  which  is  long-grained  and  "  brooms 
up"  makes  the  best  riffle.  Hard  timber  which  wears 
smooth  (as  oak)  is  not  desirable.  Nut  pine  is  the  best, 
but  it  is  difificult  to  obtain.  Pitch  pine  answers  all  re- 
quirements. As  a  rule  the  price  of  lumber  governs  the 
selection. 
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In  the  6-foot  sluices  of  tlie  Xorlli  Bloomfield  Mine, 
with  a  4^  per  cent,  grade,  the  blocks,  which  are  1 3  inches 
deep  and  20  inches  square,  last  for  a  run  of  175,000  to 
200,000  inches  of  water.  At  the  Manzanita  and  F"rcnch 
Corral  mines  the  sluices  are  5  feet  wide  and  have  a  grade 
of  43-^  per  cent.  The  blocks,  of  the  same  size  as  the  last, 
but  of  rather  poorer  timber,  have  a  life  generally  of  125,- 

000  to  150,000,  sometimes  of  only  100,000,  ipches  of  water. 
At  La  Grange,  in  4-foot  sluices  on  2  per  cent,  grades, 

the  blocks,  14  inches  square  and  8  inches  deep,  are  esti- 
mated to  last  an  average  of  six  months,  during  which  time 
about  100,000  to  110,000  inches  of  water  are  run  over 
them. 

After  each  run  the  blocks  are  turned  and  replaced  in 
the  sluice,  if  noL  worn  down  too  much.  A  block  reduced 
to  5,  or  at  most  4,  inches  in  depth  is  considered  unservice- 
able. In  repaving  with  old  blocks  the  edge  worn  down 
the  most  is  placed  up-stream.  As  the  blocks  do  not  fill 
the  whole  width  of  the  sluice,  the  alternate  rows  are  fitted 
so  as  to  break  joints. 

Rock  Riffles. — In  many  localities  stones  instead  of 
blocks  are  used  for  riffles,  and  where  heavy  cement  is 
washed  the  former  are  considered  preferable  on  account 
of  their  cheapness.  At  Smartsville  they  have  been  found 
to  serve  fully  as  well  as  blocks,  and  are  claimed  to  be 
cheaper.  It  must  be  stated,  however,  that  they  are  more 
costly  to  handle,  as  longer  time  is  required  to  clean  up 
and  repave  the  sluices. 

The  stone  riffles  as  cjuarried  are  of  irregular  size  and 
shape,  and  are  set  in  the  sluice  with  a  slight  tilt  down- 
stream. The  hard  rock  used  at  the  Manzanita  Mine, 
Sweetland,  Nevada  County,  costs  about  $10  per  box  (14 
feet  long  and  5  feet  wide). 

IJlocks  and  Rocks. — A  system  of  riffles  consisting 

01  a  row  of  blocks  alternating  with  an  equal  section  iA 
rocks  has  been  found  to  work  successfullv.  This  arrange- 
ment of  the  sluices  reduces  materially  the  wear  and  tear 
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of  the  blocks,  and  has  given  excellent  results.  The  block- 
and-rock  riffles  are  not  desirable  for  those  sluices  which 
have  to  be  frequently  cleaned  up. 

Longitudinal  Riffles. — In  some  districts  longitu- 
dinal riffles,  made  of  scantling  placed  lengthwise  in  the 
sluice,  are  preferred.  At  the  Paragon  Mine,  Placer 
County,  where  the  banks  contain  many  large  boulders, 
the  riffles  are  made  of  6-inch  scantling  i]^  inches  wide,  8 
feet  long,  separated  by  blocks  i  inches  wide  ;  and  an 
iron  bar,  i  inches  wide  and  i  inch  deep  and  8  feet  long, 
is  fastened  on  top  of  each  scantling.  The  grade  of  the 
Paragon  sluices  is  18  inches  per  12-foot  box,  and  the 
width  of  the  sluice  is  44  inches. 

Bed-Rock  Riffles. — In  the  tunnel  of  the  North 
Bloomfield  Mine  the  lower  6,000  feet  are  run  without  a 
sluice,  the  bare  bed-rock  being  used.  Up  to  1877,  7,000,- 
000  cubic  yards  were  washed  through  the  tunnel,  and  an 
examination  at  that  period  showed  that  the  tunnel  had 
been  deepened  about  16  inches,  and,  though  the  sides  were 
worn  smooth,  troughs  and  holes  were  found  hollowed  out 
at  different  places.  A  partial  examination  of  the  tunnel 
made  in  the  fall  of  1882  showed  the  existence  of  many 
holes  in  the  bottom,  in  some  instances  6  feet  deep,  but  the 
wear  on  the  entire  line  may  be  said  to  average  3  feet, 
about  22,000,000  cubic  yards  of  gravel  having  passed 
through  it. 

On  long  sluice  lines  it  is  common  to  use  several  kinds 
of  riffles. 

Branch  Sluices. — Where  the  topography  of  the 
country  compels  the  building  of  branch  sluices,  or 
a  light  dump  requires  the  frequent  change  of  the  tail- 
ings discharge,  great  care  must  be  taken  in  construct- 
ing the  connections  with  the  main  sluice ;  otherwise,  in 
"turning  into"  and  "turning  out"  from  a  sluice,  the 
gravel  forms  a  bar  either  above  or  below  the  junction. 

Where  heavy  grades  can  be  obtained  no  difficulty 
is  encountered  ;  but  where  the  inclination  is  slight,  good 
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Turn-in  Sluice. — The  diagram  shows  a  "  turn-in  ' 
sluice  atlcjpted,  after  many  experiments,  at  the  Delaney 
Claim,  Patricksville.  It  was  set  with  what  is  perhaps  the 
sharpest  curve  that  can  be  fjiven,  for  successful  work,  to 
a  sluice  4  teet  wide  and  32  inches  deep,  on  a  3^-inch 
grade  to  16  feet. 

The  amount  of  water  used  was  from  1,000  to  1.40c 


TUNNELS  AND  SLUICES. 


229 


twenty-four-hour  inches.  The  grade  was  light,  and  dump 
for  the  tailings  could  be  obtained  only  by  means  of  direct 
connection  made  with  the  Patricksville  main  sluice  line. 

With  any  decrease  of  the  radius  the  sluice  would  not 
run  uniformly,  but  would  deposit  tailings.  The  smallest 
radius  of  the  curve  having  been  ascertamed  by  experi- 
ment, the  next  question  that  presented  itself  was.  Would 
the  main  sluice  carry  the  tailings  discharged  into  it  ?  As 
the  main  sluice  was  straight,  and  the  general  fall  of  the 
ground  slight,  an  attempt  was  made  to  economize  grade 
and  run  this  sluice,  with  its  original  grade  of  3  inches  to 
16  feet,  below  the  junction,  but  the  experiment  was  un- 
successful. The  main  sluice  was  then  taken  up,  and  a 
ij^-inch  drop  was  given  from  the  turn-in  sluice  at  the 
junction,  and  the  first  two  boxes  from  this  point  were  set 
on  a  grade  of  4  inches  to  16  feet,  while  the  remaining 
boxes  had  a  3j/^-inch  grade  to  16  feet.  This  improved 
matters,  but  material  still  accumulated  in  the  main  sluice 
at  the  junction  and  in  the  one  box  below.  The  turn-in 
sluice  was  then  given  a  drop  of  4  inches  at  the  junction, 
and  the  discharge  opening  was  increased  from  11  to  14 
feet  ;  the  sluices  then  ran  uniformly. 

The  outer  curve  of  the  sluice  was  set  a  half-inch 
higher  than  the  inner  side.  The  boxes  forming  the  curve 
were  made  in  lengths  of  8  feet  each,  and  a  grade  of  2 
inches  given  to  each  length.  The  head  of  the  sluice  was 
straight,  as  well  as  the  lower  end  below  the  junction. 

Turn-out  Sluice. — The  "turn-out"  sluice  is  gene- 
rally used  when  the  dvmip-room  is  very  limited.  It  is 
more  difficult  to  operate  on  a  light  grade  than  a  "  turn- 
in  "  sluice. 

At  the  La  Grange  Company's  mines  the  grades  varied 
from  2^  inches  to  4  inches  per  16  feet,  and  the  dump- 
room  was  very  limited,  necessitating  many  turn-out 
sluices  and  frequent  sharp  curves.  As  the  dumps  filled 
up  the  sluices  were  extended,  and  every  available  space 
was  utilized  which  could  be  reached  with  a  branch  sluice. 
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The  opening  at  the  points  ol  (iivergence  was  origi- 
nally Miadc  14  tect  wide,  and  a  drop 
of  I  Yi  inches  given  from  the  main 
sluice  to  the  turn-out  sluice,  which 
latter  was  set  on  a  "swing"  ol  4 
inches  to  16  feet. 

The  sluices  thus  constructed 
were  found  to  run  satislactorilv ; 
but  on  increasing  the  swing  (as 
became  necessary)  to  5  inches  the 
boxes  on  cither  side  of  the  junc- 
1  !  lion  choked,  only  partially  dis- 
charging the  material,  which  diffi- 
culty could  not  he  obviated  bv  in- 
creasing the  grade.  On  increasing 
the  width  of  the  discharge  opening 
from  the  main  sluice,  which  was 
gradualh'  widened  from  14  feet  u[) 
to  24  feet,  the  sluices  ran  uninter- 
ruptedly and  no  further  difficulty 
was  experienced. 

The  first  box  bottom  was  cut 
in  the  form  shown  in  Fig.  66 — 
that  is,  from  a  point  to  full  width  ; 
the  succeeding  half-box,  of  8  feet, 
was  high  on  the  outside,  set  with 
a  slight  increase  in  grade,  and 
given  a  4-inch  swing.  All  the 
other  boxes  were  set  with  a  swing 
of  8  inches  to  the  box,  and  on 
the  grade  of  the  main  sluice  for 
a  total  distance  of  200  feet,  after 
which  it  was  found  necessary  to 
straighten  the  sluice  for  some  dis- 
tance to  give  the  water  opportunity 
to  regain  its  velocity.  These  ex- 
periments showed  that  in  a  200-foot  swing  on  a  2  per  cent. 
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grade  this  was  the  greatest  possible  curve  that  could  be 
successfully'  given  to  a  4-foot  sluice.  The  curve,  how- 
ever, could  be  increased  in  proportion  to  the  grade. 

At  the  turn  in  and  turn-out  it  is  necessary  to  place  a 
board  diagonally  across  the  main  sluice.  This  concen- 
trates the  discharge  and  prevents  the  forming  of  bars. 

Uudei'Ciirreiits. — In  order  to  relieve  the  sluices  of 
the  finer  material,  and  thereby  aid  in  saving  the  gold,  un- 
dercurrents are  introduced  into  the  sluice  line.  These 
may  be  described  as  broad  sluices  set  on  a  heavy  grade 
at  the  side  of  and  below  the  main  sluice. 

Where  a  drop  off  can  be  made  in  the  main  line,  par- 
allel steel  or  iron  bars,  i  by  4  inches,  with  intervals  of  i 
inch  between  them,  and  10  to  20  in  number,  according  to 
the  si^e  of  the  undercurrent,  are  placed  edgewise  across 
the  sluice.  A  set  of  such  bars  is  called  a  "grizzly."  It  is 
set  I  inch  below  the  sluice  pavement,  which  is  raised  as  it 
wears  down.     If  too  low,  the  grizzly  clogs  with  gravel. 

The  coarse  material  passes  over  the  grizzly,  and,  if  the 
topography  permits,  is  dropped  and  picked  up  again  in 
sluices  at  a  lower  level. 

The  finer  gravel  drops  through  the  bars  into  a 
box  about  20  inches  deep,  lined  with  blocks  and  set  at 
right  angles  to  the  main  line.  This  box  carries  the  ma- 
terial to  the  chute  at  the  upper  end  of  the  undercurrent. 

This  chute  is  lined  with  cobbles  and  provided  with 
"  dividers "  of  wood  to  evenly  distribute  the  material 
over  the  surface  of  the  undercurrent.  It  has  a  2  or  3  per 
cent,  grade  and  gradually  narrows  towards  the  lower  end. 

The  undercurrent  proper  is  a  shallow  wooden  box,  20 
to  50  feet  wide,  40  to  50  feet  long,  with  sides  about  16 
inches  high.  It  should  have,  if  possible,  8  to  10  times  the 
width  of  the  main  sluice.  The  bottom  is  made  of  i)4-inch 
plank  tongued  and  grooved,  and  set  on  a  grade  of  8  to  10 
per  cent.,  according  to  the  smoothness  of  the  riffles  em- 
ployed. It  is  paved  with  cobbles,  wooden  rails  shod  with 
strap  iron,  or  small  wooden  blocks.     With  the  smooth 
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tails  a  ^ladi-  ul  i  j  im  lus  in  ij  It-i-l  is  suniii<Mil  ;  l)ut  with 
lilocks  tlic  ni  adc  slioiild  he  iiii  i  i-ascd  to  14  int  lK-s  in  12 
led,  and  willi  l  ohlilcs  |.i  id  ini  lics  in  ij  Icct. 

I  lie  );ia\i'l  fsi  apin^  Inini  llic  nndci cm  icnt  is  led  liai  k 
I > I  ill!  main  sltiici'. 

I  lie  I  lii<'l  idsl  1)1  inainlrnaiKO  is  occasioiifd,  nol  l)v  llic 
iMidcii  III  rent  ilscll,  linl  li\  tlic  rcpaiis  on  tlu-  main  slniii' 
and  ;;ii//lv,  caused  by  llu-  inl  1  < idnit ion  ol  (lie  lallci  into 
tlu-  sliiiii'  line.  riic  iiMnniif;  r\|uiisf  ol  a  widi'  nndt'i 
cniri'iil  is  im  moic  than  that  ol  a  narrow  one,  ('Mcpt iii^ 
in  llic  sli^lil  niatlci  ol  |iavcnu'nl  and  (  Icaniiii;  n|>. 

At  I'  icik  Ii  C'oi  ral,  with  .1  lad  sluiif  S  It'cl  wide,  llu- 
yield  ol  ihc  liisl  imdci cm  I (  III .  w  hii  li  was  jo  Icri  wide, 
was  Jo  |K-i  ( (  lit.  ol  tilt'  \  icid  ol  all  the  iiiidcK  iii  u  nts.  An 
addition  ol  10  led  to  the  w  idtli  iiu'ieascd  its  \  icId  to  J7 
|i('i  (('III  III  the  lot, il.  and  the  ^ri//lv  in  tlu-  iiiaiii  sluice 
was  nol  (  lianf.;(  d. 
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TABLE  XXVI. 
Lengths,  Grades^  and  Cost  of  important  Tunpiels  in  Nevada  County.^ 


Name  of  Mine  or 
Tunnel. 


Locality. 


Average  Grade. 


Boston   I  Woolsey's  Flat  . . 

North  Bloomfield  .  Humbug  Cantm . . 


Farrell   Columbia  Hill 


American  '  Helow  San  Juan. . 

Manzanita   Sweetlaiid  

Sweetland  Creek.. . ;  "   

Bed-rock    Below  Sweetland. 

French  Corral.  ...l  French  Corral  


Per  Sluice  Box. 

Per 
Cent. 

Feet, 

1,600 

loj^  in.  to  12  ft. 

l\i 

9,200t 

6f<   "  to  12  " 

2,200 

2,000+ 

5,000+ 

6     "  to  14  " 

12     *'  to  14  ** 

7 

loj^  **  10  14  ** 

by. 

3.500+ 

7      "  «>  14  " 

4H 

2,200 

8      "  to  14  •' 

aV, 

4.400+ 

9      •'  to  14  " 

sV, 

5,048t 

8      "  to  14  " 

$40,000 

518,000+} 


t6o,ooot 

92,000+ 

Q0,000 

190,000+ 


*  Originally  extracted  from  J.  D.  Hague's  Report  on  the  Eureka  Lake  and  YuLa  Canal  Co. 
+  All  figures  marked  thus  are  corrections  of  the  original.       J  With  eight  auxiliary  shafts. 


TABLE  XXVIII. 
Cost  of  Construction  of  Tunnel  and  Sluices  at  Manzanita  Mine. 


Expenses. 


Manzanita  Tun- 
nel. 


Manzanita  Shaft. 


Manzanita  Tail 
Sluice, 


t  Total. 


Labor,  etc. : 
Sup't  and  Accoun-  ) 

tant  f 

Office  expenses  

Travel  of  Sup't. . . . 

Hauling  

Miners  and  laborers. . 


Supplies  and  Materials: 

Explosives  

Lumber  

Lights   - 

Tools  and  miscel-  ' 
laneous  supplies,  f 

Steel  

Charcoal  

Iron  

Nails  

Blocks  for  sluice  . . 


^T^oo  20 
70  24 

73  ^ 

HQ  II 


 $21,132  48 

1,997  22 
588  32 

345  55 
2:1  27 
339  60 

603  65 

50  00 


$1,400  20 

70  24 

73  68 
167  66 
ii»777  99, 


Machinery  : 

Pipes,  shafting,  etc. 
W.itcr-power  


Legal  Expenses :  | 
Counsel  fees,  etc  | 

Taxes: 

Taxes  before  com-  j 
pletion  )  ! 


203  79 
65  00 


22  73 
150  00 


268  79 


172  71 


$25099  5' 


$13*489  77 


$4  00 

8,983  67 


$8,987  67 


809  55 

276  35 

"4  35 

6. '34  67 

92  25 

407  92 

70  00 

79  6t 

10  00 

230  02 

20  00 

26s  31 

614  51 

1,098  43 

'63  79 
77a  43* 


:,367  61 


8,489  27 


936  32' 


150  00 
  1,417  61 


$«7.577  30 


$17,476  94  $60,653  75 


•  10,905  ten-hour  inches. 

Note. —  The  item  $25,599  5'  ^hows  the  cost  of  driving  the  Manzanita  Tunnel  from  a  point 
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756  feet  from  its  mouth  to  a  point  of  junction  with  the  heading  from  the  shaft,  a  distance  of 
851  feet ;  cost  $30  08  per  linear  foot.  The  amount  $17,557  is  the  cost  of  sinking  the  shaft 
123  feet  and  driving  a  heading  from  it  93  feet  to  connect  with  the  lower  (tunnel)  heading; 
cost  $81  38  per  linear  foot.  The  amount  for  tunnel  and  shaft  ($43,176  81)  is  the  cost  of  the 
entire  tunnel  to  the  Milton  Company.  Previous,  however,  to  the  formation  of  this  company 
the  tunnel  had  been  driven  in  756  feet  at  a  cost  of  about  $25  per  foot,  or,  say,  $i9,o<xj ;  adding 
this  $19,000  to  the  $43,176  81  expended  by  the  Milton  Company  gives  $62,176  81  as  the  total 
cost  of  tunnel  and  shaft,  or  nearly  $35  per  linear  foot.  The  third  item  of  $17,476  94  repre- 
sents the  cost  of  construction  of  a  tail  sluice,  4,774  feet  long,  from  the  mouth  of  the  tunnel  to 
the  Yuba  River,  7  large  undercurrents  of  the  most  approved  pattern,  and  the  labor  of  putting 
a  flume  in  the  tunnel  i»70o  feet  long.  The  three  accounts  summing  $60,653  75+$t9,o<xj 
(amount  expended  on  tunnel  before  ori^anization  of  the  company),  say  $80,000,  represent* 
the  entire  cost  of  tunnel  and  sluices  ready  for  washing.    Size  of  tunnel,  8'  X  8'. 


CHAPTER  XV 


TAILINGS  AND  DUMP. 

Tailings. — The  refuse  material  thrown  aside  in 
quartz,  drift,  hydraulic,  or  other  mines,  after  the  extrac- 
tion of  the  precious  metal,  is  called  "  tailings."  The  tail- 
ings from  hydraulic  mines  are  called  "  debris  "  also. 

The  number  of  cubic  yards  of  debris  from  the  various 
gravel  mines  discharged  ui  1 880-1  into  the  streams  and 
valleys  of  California,  between  Chico  Creek  on  the  north 
and  the  Merced  River  on  the  south,  has  been  estimated  at 
about  46,000,000.  To  this  amount,  according  to  Professor 
Price,  there  should  be  added  i,ooo,coo  cubic  yards  from 
the  tailings  from  the  working  of  1,500,000  tons  of  quartz 
by  12,546  stamps  in  mills. 

Composition  of  Tailinjys. — The  tailings  from  mills 
consist  of  pulverized  quartz  particles.  The  refuse  from 
gravel-washing  is  of  all  forms  and  dimensions,  and  is  com- 
posed of  the  most  diversified  materials.  The  light  particles 
of  soil,  loam,  and  sand  are  easilv  carried  forward  by  run- 
ning water,  while  the  rocks  and  boulders,  though  readily 
transported  through  sluices,  lodge  and  distribute  them- 
selves, when  discharged  therefrom,  in  the  creeks  and 
streams  in  accordance  with  their  size,  shape,  and  specific 
gravity,  and  for  their  further  removal  the  agencies  of  time 
and  flood  are  necessary. 

Cemented  material  and  pipeclay  are  more  or  less 
disintegrated  and  ground  down  in  the  process  of  sluic- 
ing. When  subjected  to  the  action  of  running  water 
further  pulverization  and  disintegration  ensue,  the  ac- 
tual amount  of  which  is  unknown. 

Wear  in  Running  Water.— The  weanng  down  of 
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solid  cobbles  and  boulders  by  running  water  after  lodg- 
ment in  the  beds  of  large  streams,  at  a  distance  from  the 
mine,  is  not  great.  When  these  materials  are  carried 
further  forward  by  floods  or  torrents  they  move  along 
the  bottom  until  they  find  permanent  lodgment,  conse- 
quent upon  a  decrease  in  the  grade  of  the  bed  of  the 
stream  or  from  some  other  cause.  In  water  the  weight 
of  rocks  is  materially  lessened,  and  the  friction  which 
would  be  due  to  their  weight  is  correspondingly  de- 
creased. 

The  constant  collision  and  rubbing  of  the  harder  rocks 
against  each  other  smooths  and  polishes  them,  somewhat 
changes  their  form  and  lessens  their  surface,  and,  to  a 
certain  extent,  reduces  them  to  fine  powder  but  not  to 
sand.  Experiments  made  to  ascertain  the  wear  due  to 
erosion  of  solid  materials  transported  by  riyers  or  streams 
tend  to  establish  the  fact  that  no  peixeplible  deposit  can 
be  attributed  to  such  cause,  as  the  sediment  fiom  such 
wear  is  found  to  be  a  yery  fine  powder,  which  immedi- 
ately passes  off  in  suspension. 

The  distribution  of  grayels  along  the  course  of  any 
stream  will  be  found  to  be  in  accordance  with  their  size, 
form  and  specific  grayit}  ,  and  distance  from  the  source. 
Thus  the  material  composing  the  bed  of  a  stream,  which 
may  at  its  source  consist  entirely  of  large  boulders  and 
cobbles,  will  become  finer  and  finer  through  the  succes- 
siye  stages  of  gravel,  pebbles,  and  sand,  until  it  is  finally 
discharged  as  muddy  water  into  the  ocean. 

Effects  of  Hydraulic  Debris. — The  working  of 
hydraulic  mines  in  California  has  here  and  there  given 
rise  to  disputes  with  farmers.  These  disputes  have,  un- 
fortunately, been  carried  into  the  domain  of  local  politics, 
and  thereby  not  only  brought  into  undue  prominence,  but 
also  exaggerated,  and  an  equitable  settlement  prevented. 
Meantime  manipulators  have  taken  advantage  of  the  situ- 
ation to  the  detriment  of  both  the  farming  and  the  mining 
interests. 
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The  navigable  waters  affected  b}'  the  mines  arc  the 
bays  of  Suisun  and  San  Pablo  and  the  Sacramento,  San 
Joacjuin,  and  Feather  rivers.  The  smaller  and  non-navi- 
gable streams  which  receive  more  or  less  of  the  sands  are 
(besides  the  Trinity  and  Klamath  rivers,  where  so  little 
washing  is  done  that  they  need  not  be  considered):  the 
-Vmerican  ''tributarv  of  the  Sacramento)  in  the  north  ; 
and  the  Merced,  the  Tuolumne,  the  Stanislaus,  the  Cala- 
veras, the  Mokelumne,  and  tiie  Cosnmnes  (tributaries  of 
the  San  Joaquin)  in  the  south.  Tiie  quantity  of  debris 
whicii  has  been  washed  into  these  streams  is  unknown,  and 
tiata  based  on  reconstructed  topography  in  the  mining 
regions  are,  from  the  nature  of  the  case,  simply  guesses. 
The  onlv  available  method  of  estimating  with  any  ap- 
proach to  accuracy  the  amounts  of  material  mined  seems 
to  be  that  of  taking  the  water  used  and  averaging  the 
duties  of  the  inch,  as  survevs  of  the  washings  are  kept 
up  onlv  in  excejitional  cases. 

The  inch  differs  as  much  as  20  per  cent.,  the  nature  of 
the  ground  mined  continuallv  changes,  and  the  character 
of  the  sluices  varies  not  only  in  every  district  but  in  almost 
every  claim.  These  estimates*  therefore,  must  be  consid- 
ered as  the  mean  of  many  conjectures.  It  can  be  safelv 
stated  that  only  in  a  few  instances  do  any  of  the  ditches 
discharge  the  quantitv  of  water  which  they  are  rated 
to  deliver  according  to  official  statements  or  in  the  as- 
sessors' returns,  from  which  sources  chiefly  the  cubic 
yards  mined  have  been  estimated. 

The  following  tables,  XXIX.  and  XXX.,  are  based  on 
this  method.  Table  XXIX.  is  from  William  Hammond 
Hall,  State  Engineer,  Report  of  1880,  part  iii.  p.  24. 
Table  XXX.  is  from  Lieutenant-Colonel  G.  H.  Mendell's 
Report  upon  Mining  Debris  in  California  Rivers,  1882^ 
p.  15: 
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TABLE  XXX. 


Table  Mountain  Creek 

Butte  ("reek  

Feather  River  

Yuba  Rivjcr  

Bear  River  

Dry  Creek,  No.  2  

-American  River  


Season  1878-79. 

Cubic  Yards. 
■  •  3.556,000 


Season  1879-80. 


Cubic  Yards. 
2,919.375 


84,000 


12,687,500 
22,326,500 
,  5,550,000 


4.407.770 
19,103,598 
3.351.246 
132,687 
3,615,250 


6So,ooo 
8,604,000 


Total 


53.404,000' 


I* 


38,()i3,926f 


In  the  region  south  of  tlie  American  River  Mendell's 
Report  shows  the  discharge  of  taiUngs  to  be  7,414,465 
cubic  yards. 

The  differences  in  the  above  tabulated  estimates,  which 
were  undoubtedly  prepared  with  care,  show  how  difficult 
it  is  to  arrive  at  exact  data.  In  view  of  the  fact  that  the 
details  on  which  the  calculations  are  made  are  not  given, 
it  is  impossible  to  criticise  with  fairness.  It  would  ap- 
pear that  the  duty  of  the  inch  is  rather  too  large.  J 

Bv  far  the  greater  part  of  the  material  washed  remains 
comparatively  near  the  ends  of  the  sluices  in  the  canons 
until  removed  by  heavv  freshets.  "  In  the  Polar  Star  and 
Southern  Cross  mines,  at  Dutcii  Flat,  I  have  estimated 
that  nearly  50  per  cent,  of  the  material  mined  is  of  a  cha- 
racter which  need  never  be  carried  a  mile  below  the 
dumps  ;  it  is  of  heavy  rock  and  cobble-stones,  and  prob- 
ably not  over  45  per  cent,  of  the  whole  need  ever  be- 
come sandy  and  sedimentary  in  character  if  reservoired 
before  being  transported  very  far  ;  so  that  all  but  about 
15  per  cent,  could  be  held  readil}-  behind  dams  and  other 
obstructions  in  the  canons."  § 


*  The  State  Engineer's  estimate  of  quantities  washed  is  based  upon-  the  returns  of  the 
amount  of  water  used,  made  by  mining  superintendents  or  secretaries,  on  blank  forms  fur- 
nished from  the  Slate  Engineer's  office. 

t  Colonel  Mendell's  estimate  is  based  upon  returns  of  water  used  in  mining,  made  by 
the  county  assess^rs  to  the  State  Engineer,  as  provided  by  law. 

t  The  average  duty  of  the  inch  for  the  region  draining  into  the  Sacramento  Valley  is  (ac- 
cording to  the  tables)  3.6  cubic  yards,  and  for  the  region  south  of  the  .\merican  River  2.2 
cubic  yards.    The  latter  is  certainly,  and  the  former  probably,  too  great. 

§  Report  of  the  State  Engineer,  1880.  p.  23. 
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The  coarse  detritus  which  gets  into  the  streams  and 
is  subjected  to  the  action  of  floods  is  moved  along  when 
the  grades  are  over  40  feet  to  the  mile,  and  is  deposited 
mostly  when  the  grade  is  lessened  to  between  30  and  20 
feet.  "  The  sands  predominate  greatly  "  when  the  grade 
is  reduced  to  10  feet  and  less.* 

The  finest  and  lightest  material  is  held  in  suspension 
until  the  velocity  of  the  water  carrving  it  is  greatlv  re- 
duced. The  amount  of  material  suspended  in  the  Cali- 
fornia rivers  has  been  estimated  from  tests  made  of  these 
waters,  but  these  tests  have  not  been  continued  for  a 
sufficient  length  of  time  to  afford  any  reliable  results. 

The  deposition  of  this  material  on  lands  overflowed 
during  high  water  was  one  of  the  original  causes  of  the 
disputes  mentioned  above. 

Up  to  the  vear  1880.  the  total  area  in  the  Sacramento 
Basin  thus  affected  is  estimated  by  the  State  Engineer 
at  43,546  acres,  a  large  portion  of  which  was  of  little 
value  and  had  alwavs  been  subject  to  overflow. 

The  catchment  area  on  the  east  side  of  the  Sacra- 
mento Vallev  is  very  large,  and  the  descent  from  the 
high  sierra  to  the  valley  is  very  abrupt  and  precipitous. 
During  the  stormv  seasons  immense  quantities  of  water, 
caused  bv  rainfall  and  melting  snows,  are  rapidly  dis- 
charged into  the  lowlands,  where  the  river  channels, 
having  but  small  areas  f  and  light  grades,  are  unable  to 
carrv  them  off.  and  floods  invariablv  follow. 

The  reservoirs  whicii  have  been  onstructed  by  the 
hvdraulic  mining  companies  in  the  mountains  partially 
mitigate  the  evils  arising  from  this  source. 

TIIK  DLMK 

It  is  impossible  to  lav  too  much  stress  on  the  import- 
ance of  the  dump,  as  without  it  hydraulic  mining  could 
not  be  carried  on.    Where  thousands  of  cubic  yards  of 

•  Report  of  I.iculenanl-Colnnel  Mendcll.  pp  ^3  and  ^4. 
T  See  vol.  ii.  p.  7  Tran5.  1  ech.  Soc.  of  the  Hacific  Coast. 
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iilluvions  are  being  washed  daily  from  their  position, 
places  must  be  provided  at  lower  elevations  where  the 
gravel  can  be  deposited.  A  much  larger  superficial  area 
is  usually  required  f(jr  this  than  was  primarily  occupied 
by  the  material  removed,  as  the  dumps  seldom  have  the 
depths  of  the  original  deposits. 

Working  on  different  Bed-rock  Levels  with 
same  Diinii).  —  It  sometimes  happens  in  adjacent  claims 
with  small  dump-ioom  that  the  bed-rock  of  one  is  lower 
than  the  other.  Where  this  occurs  the  claim  with  the 
highest  bed-rock  should  be  the  last  run  off. 

An  illustration  of  this  was  afforded  at  Patricksville,  in 
Stanislaus  County,  where  three  claims  were  worked,  one 
tailing  over  the  other.  During  the  years  1876  and  1877 
the  lowest  claim,  called  the  "Chesnau,"  was  closed  each 
fall,  the  dump  givmg  out,  while  the  upper  ones  continued 
work.  With  the  return  of  spring  freshets  the  canon  was 
cleared  of  the  debris,  and  washing  was  regularly  resumed 
in  the  Chesnau,  continuing  as  long  as  tlie  dump  lasted. 
The  highest  claim  was  closed  while  the  Chesnau  was 
working,  to  avoid  the  too  rapid  filling -up  of  the  creek. 
If  both  upper  claims  had  been  worked  at  tiie  same  time 
the  Chesnau  would  soon  have  been  closed. 

Tailing-  into  Streams. — The  want  of  dump  is  reme- 
died only  in  exceptional  cases  by  discharging  into  a  cur- 
rent or  mountain  torrent.  This  occurs  where  the  gold 
placers  are  on  the  borders  of  large,  rapid,  and  well  con- 
fined streams  ;  but  in  the  mountains,  where  the  gold-bear- 
ing deposits  are  found,  the  rivers  are  narrow  and  shallow, 
only  running  water  in  quantity  during  the  winter  and 
early  spring. 

Experience  at  La  Grange,  on  the  Tuolninne.— 

Some  of  the  annovances  and  difificulties  arising  from  tail- 
ing into  a  stream  can  be  seen  on  the  Tuolumne  River  be- 
low La  Grange.  The  river,  a  large  mountain  stream 
which  runs  over  a  hard  slate  bottom,  has  for  17  miles 
above  the  town  a  fall  appro.\imating  18  feet  to  the  mile, 
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and  is  well  confined  by  abrupt  banks.  Opposite  the  old 
French  Hill  dump  the  river  is  500  feet  wide,  and  at  La 
Grange,  from  which  place  to  its  mouth  the  grade  is  only 
a  few  feet  to  the  mile,  its  width  is  525  feet.  Three  hun- 
dred yards  below  the  town,  opposite  the  Light  claim,  it 
widens  to  750  feet.  Down  the  stream  from  this  point  the 
hills  recede  for  the  succeeding  three  or  four  miles,  but 
subsequently  form  prominent  banks  to  the  river.  During 
high  water,  opposite  the  Light  claim,  at  its  greatest 
width,  its  average  depth  was  10  feet,  the  centre  of  the 
channel  being  14  feet  deep.  When  the  La  Grange  Com- 
pany commenced  work,  in  1872,  the  bottom  of  the  chan- 
nel was  a  few  feet  deeper. 

The  Light  claim  was  worked  in  1873,  and  up  to  June 
23,  1874,  had  discharged  720,086  cubic  yards  of  gravel 
into  the  stream.  During  the  same  period  975,064  cubic 
yards  were  dumped  into  the  river  from  the  Kelly  and 
French  Hill  properties.  The  results  at  the  expiration  of 
21  months  were,  that  the  channel  opposite  the  Light 
claim  was  filled  up,  the  sluices  were  run  out  of  grade, 
the  river  bed  was  shoaled  on  all  sides,  the  water  of  a 
formerly  rapid  stream  straggled  over  the  accumulated 
debris  with  a  barely  perceptible  motion,  and  it  is  hardly 
necessary  to  add  that  the  claim  was  closed. 

The  spring  freshets  of  1875-76  were  unusually  severe, 
clearing  the  river  at  the  claim  for  its  entire  width  and 
leaving  a  dump  of  over  11  feet  along  its  west  bank.  In 
the  spring  work  was  resumed,  and  48,280  cubic  yards 
were  moved  in  the  Light  claim  and  212,346  cubic  yards 
from  French  Hill,  which  was  a  quarter  of  a  mile  up- 
stream. Bv  September  the  river  was  filled  up  nearly  its 
entire  width  to  the  height  of  the  sluices,  and  the  water 
was  confined  to  a  strip  30  feet  wide,  discharging  i  foot 
deep  over  a  bar. 

Exceptioiiul  Cases. — Where  a  small  amount  of  tail- 
ings is  discharged  into  narrow  and  steep  canons,  winter 
rains  and  spring  freshets  suffice  to  clean  them  out ;  but 


TAILINGS  AND  DUMP. 


243 


where  the  quantity  is  large,  in  spite  of  the  water  the  ra- 
vines fill  up  gradually,  and  hydraulic  mining  in  these 
localities  vdtimatcly  ceases.  It  occasionally  happens  that 
the  want  of  dump-room  is  obviated  by  a  tunnel,  by  means 
of  which  the  tailings  arc  conveyed  into  large  and  pre- 
cipitous ravines,  there  to  await  the  action  of  time  and 
water  for  their  further  removal. 


CHAPTER  XVI. 


WASHING,  OR  HYDRAULIC  KING. 

Charging  the  Sluices. — The  tunnel  and  sluices  hav- 
ing been  completed,  water  is  turned  into  the  pipes  and 
washing  commences.  The  sluices  arc  run  half  a  day  in 
order  to  pack  them.  The  water  is  then  shut  off  and  a 
charge  of  quicksilver  is  put  into  the  upper  200  or  300 
feet  of  sluices,  a  small  quantity  being  distributed  along  the 
entire  line  except  the  last  400  feet,  in  a  6-foot  sluice  tlie 
first  charge  will  be  about  3  flasks.  The  undercurrents  are 
charg -d  at  the  same  time  and  a  little  quicksilver  put  into 
the  tail  sluice.  Quicksilver  is  added  daily  during  the  run, 
in  graduallv  lessening  quantities,  the  object  being  to  keep 
the  mercury  uncovered  and  clean  at  the  top  <A  the  riffles ; 
and  therefore  the  charge  is  regulated  by  the  amount  ex- 
posed  to  view.  At  the  North  Bloomrteld  Mine,  where  the 
main  sluice  is  cleaned  up  nearly  everv  12  davs,  the  amount 
of  quicksilver  used  in  a  run  varies  from  14  to  18  flasks.  A 
24-foot  undercurrent  will  require  a  charge  of  from  80  to  88 
pounds  of  quicksilver. 

In  charging  the  riffles  all  splashing  of  the  quicksilver 
should  be  avoided.  When  it  is  sprinkled  into  the  sluice 
(a  practice  to  be  condemned)  it  divides  itself  into  minute 
particles,  the  bulk  of  which  is  easilv  carried  off  bv  the 
swift  stream,  while  the  lighter  portions  will  float  even  in 
the  clear  water.  The  buoyancy  of  these  small  particles 
is  very  considerable. 

Top  water  from  mining  sluices  often  yields  minute 
globules  of  quicksilver,  and  float  quicksilver  containing 
gold  particles  (microscopic)  has  been  taken  fn)m  the  sur- 
face of  the  water  twentv  miles  from  where  ine  amalgam 
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The  cost  of  the  pitch-wood  bonfires  previously  used 
was  eight  dollars  per  night,  and  these  gave  an  illumina- 
tion very  inferior  to  that  of  the  electric  light. 

The  lamps  are  placed  in  the  open,  where  they  are 
subjected  to  the  severest  winter  storms  without  injuri- 
ous effect  other  than  the  increased  consumption  of  car- 
bons. 

Continuous  Work. — The  washing  should  be  con- 
tinuous and  no  water  be  allowed  to  run  to  waste.  It  is 
therefore  requisite  to  have  several  faces  or  openings,  so 
that  the  water  can  be  used  from  time  to  time  on  them 
whilst  the  cuts  are  being  advanced  and  the  sluices  length- 
ened. These  cuts,  or"  ground  sluices,"  as  they  are  called, 
are  trenches  made  in  the  bed-rock  towards  the  face  of 
the  bank  washed,  for  the  purpose  of  collecting  the  water 
and  material  and  conveying  them  to  the  sluices.  Some- 
times these  cuts  are  very  deep,  say  from  60  to  70  feet,  and 
occasionally  the  expense  of  making  them  forms  a  large 
item. 

When  a  claim  is  running  the  sluices  are  always  guard- 
ed. As  a  protection  against  theft,  where  claims  are  worked 
intermittently,  the  sluices  are  run  full  of  gravel  before 
turning  off  the  water. 

Cleaning  up. — The  length  of  "  runs  "  is  dependent 
upon  many  circumstances,  but  chiefly  upon  the  wear  of  the 
pavement.  Some  claims  are  cleaned  up  every  twenty  days, 
others  are  run  two  or  three  months,  whilst  a  few,  where 
the  water  season  is  short,  are  cleaned  up  only  every  season. 
AH  pavements  should  be  cleaned  up  as  soon  as  they  begin 
to  wear  in  grooves.  Where  a  large  quantity  of  water  is 
used,  and  a  relatively  large  amount  of  ground  washed,  it 
is  considered  advisable  to  clean  up  the  first  1,000  or  1,800 
feet  of  sluices  (which  are  paved  with  blocks)  ever}-  two 
weeks.  With  a  gang  of  miners  this  work  is  done  ex- 
peditiously, not  occup3'ing  over  one  half-day.  The  tail 
sluices  are  cleaned  up  only  once  a  year.  The  undercur- 
rents should  be  cleaned  up  whenever  quicksilver  is  found 
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spread  over  their  lower  riffles,  with  tendency  to  discharge 
over  their  ends. 

When  it  is  decided  to  "  clean  up,"  the  bed  rock  and 
cuts  are  piped  clean.  No  material  is  turned  into  the 
sluices,  clear  water  alone  being  run  until  the  sluices  are 
free  of  dirt. 

When  tiuis  prepared  only  a  small  head  oi  water,  such 
as  men  can  conveniently  work  in,  is  turned  through  the 
sluice,  and  the  blocks  are  taken  out  by  means  of  crow- 
bars, washed  to  free  them  from  amalgam,  and  laid  at  the 
side  of  the  sluice.  This  is  done  in  sections  ap|)r(jximating 
lOO  feet.  Between  each  section  one  row  ot  blocks  is  left 
in  the  sluice.  These  rows  serve  as  riffles  to  prevent  the 
gold  and  quicksilver  from  passing  down  the  sluice.  After 
the  first  section  of  blocks  is  taken  up  men  follow  the 
gravel  and  dirt  as  these  are  slowh  washed  down  the 
sluices,  and  j)ick  up  the  quicksilver  and  amalgam  with 
iron  scoojjs,  with  which  the\'  arc  put  into  sheet-iron 
buckets. 

As  each  riffle  is  reached  the  amalgam  and  quicksilver 
are  collected,  the  block  riffles  removed,  and  the  residue  is 
washed  down  to  the  next  riffle,  and  so  on  down  the  en- 
tire line  of  sluice.  When  this  oi)erati()n  is  completed  the 
water  is  turned  off  and  the  workmen  attend  to  the  nail- 
holes  and  cracks  in  the  sluices,  "creviceing"  with  silver 
spoons  to  obtain  the  amalgam  contained  in  them.  After 
tliis  the  side-lagging  is  overhaided  and  the  blocks  are  re- 
placed. Where  the  sluices  are  of  great  length  the  lower 
portions  are  usuallv  lined  with  heavy  rock,  which  can  be 
used  for  longer  periods  without  cleaning  uj). 

It  is  customarv  in  mines  which  have  verv  long  sluices, 
and  which  are  run  at  night,  to  clean  up  during  the  day  as 
long  a  section  as  can  be  cleaned  and  put  in  order  for  fur- 
ther work,  and  to  resume  washing  at  night,  until  the  whole 
line  is  cleaned  up.  At  the  end  of  the  water  season  the  en- 
tire works  are  cleaned  up  and  put  in  order  for  the  next 
season's  run. 
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Treatiiis'  the  Amalg-am.— Tlie  quicksilver  and 
ainalt^um  obtained  is  well  stirred  in  buckets,  and  the 
coarse  sand,  nails,  and  other  loi-eign  substances  which 
float  on  the  surface  are  skimmed  off.  This  residue  (whicli 
holds  considerable  amalgam)  is  concentrated  by  washing 
in  pans  or  rockers,  and  the  concentrations  ground  in  iron 
mortars  and  treated  with  more  quicksilver.  Anv  base 
material  which  floats  on  the  surface  of  the  bath  is  melted 
by  itself  to  a  base  bullion.  The  remainder  is  added  to  the 
fine  amalgam.  The  amalgam  is  strained  from  the  quick- 
silver through  drilling,  and  the  di-y  amalgam  is  retorted 
in  iron  retorts. 

Retorting'. — Where  the  amount  of  amalgam  obtained 
is  small  the  hand  retort  is  used,  but  at  large  gravel-mines 
the  cast-ii-on  retorts  are  made  stationary,  similar  to  those 
used  at  gold  and  silver  quartz  mills,  only  that  they  are 
smaller.  Where  large  quantities  of  amalgam  are  retort- 
ed and  the  furnaces  when  fired  are  left  unattended,  as  is 
frequently  the  case,  the  retort,  which  is  set  immediatelv 
above  the  fire,  becomes  overheated.  The  weight  of  the 
metal  which  it  contains  then  causes  the  retort  to  "belly," 
whicii  ruins  it.  To  overcome  this  difficult v  the  retort 
should  be  set  with  supports  and  arranged  with  the  fire  to 
one  side,  that  the  heat  may  be  evenl)-  distributed  over  it. 
Retorts  thus  set  are  found  to  work  well  in  practice.  (See 
Figs.  70,  7i.j 

Before  the  amalgam  is  put  in  the  retort  the  interior  is 
coated  with  a  thin  wash  of  clav.  which  prevents  the  amal- 
gam adhering  to  the  iron. 

The  amalgam  should  be  carefully  introduced  and 
evenly  spread.  The  ii"on  pipe  which  connects  the  back 
end  of  the  retort  with  the  condenser  must  be  clear  of  all 
obstructions,  and  under  no  circumstances  should  the 
amalgam  be  spread  so  that  the  pipe  can  possibly  become 
choked,  as  in  that  case  an  explosion  would  probabh'  ensue. 

To  avoid  any  danger  arising  from  this  source,  after 
the  cover  has  been  put  on,  luted  with  either  clay  or  a 


i 


WASHING,  OR  HYDRAULICKING. 


251 


mixture  of  clay  and  wood-ashes,  and  securely  clamped, 
the  fire  is  lighted  and  the  heat  gradually  raised,  a  dark- 
red  heat  being  all  that  is  necessary  to  thoroughly  volatil- 
ize the  quicksilver.  Towards  the  end  of  the  operation  the 
heat  is  raised  to  a  cherry-red  color,  at  which  it  is  kept 
until  distillation  ceases.  The  retort  is  allowed  to  gradu- 
ally cool,  and  when  cold  is  opened. 

During  the  operation  the  condensing-coil  at  the  back 
of  the  retort  should  be  kept  cool  b)-  a  continuous  supply 
of  fresh  water  entering  from  the  lower  end  of  the  box 
wliich  contains  it,  whilst  the  discharge  of  warm  water  is 
clfected  above. 

The  retorted  bullion  is  cut  or  broken  in  pieces  and 
melted  in  a  well-annealcd  black-lead  crucible,  and  the  gold 
cast  into  bars. 


CHAPTER  XVII. 


THE  DISTRIBUTION  OF  GOLD  IN'  SLUICES. 

In  cleaning  up  sluices  the  largest  portion  (approximat- 
ing 80  per  cent.)  of  tlie  gold  caught  is  found  in  the  first 
200  feet.  The  gross  yield  of  the  Gardner's  Point  claim 
for  the  season  of  1874  was  §63,000  for  100  davs'  run.  Of 
this  amount  $54,000  were  obtained  in  the  first  150  feet, 
and  $3,000  were  taken  from  the  undercurrents.  The  re- 
mainder was  found  lower  down  along  the  sluices.  Tiie 
first  undercurrent  was  790  feet  distant  from  the  head  of 
tlie  sluice,  and  yielded  50])cr  cent,  of  the  total  vield  of  the 
imdercurrents.  The  second  undercurrent  was  78  feet  dis- 
tant from  the  first,  with  a  drop  of  40  feet  between  them, 
and  it  contained  33  per  cent,  of  the  gross  undercurrent 
A  ield.  The  tiiird  inidercurrcnt  was  91  feet  distant  from 
the  second,  with  a  drop  of  50  feet  between  them.  Its 
yield  was  nearly  $500. 

It  sometimes  happens  that  a  hundred  or  a  hundred 
and  fifty  feet  at  the  head  of  a  sluice  are  covered  with 
gravel  during  the  greater  part  of  a  run.  In  such  cases 
the  gold  is  found  farther  down.  In  the  North  Bloomfield 
tunnel  the  upper  300  feet  of  the  sluice  are  generally  filled 
from  one  to  five  feet  deep  with  gravel,  and  still  this  por- 
tum  yields  much  more  amalgam  per  linear  foot  than  the 
succeeding  300  feet  of  sluice.  The  following  data  from 
the  report  of  this  company  for  the  year  ending  October 
31,  1876,  are  worth v  ot  note,  as  showing  the  position  ot 
the  gold  in  the  sluices  at  "  No.  8 "  claim,  where  some 
700,000  inches  of  water  were  run,  washing  2,919,000  cubic 
yards  of  gravel : 
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Sump  ...    $1,510  00  0.80  per  cent,  of  gross  yield.. 

Flume  (1,800  ft.).   176,900  73  92.00   "      "  " 

Tunnel  below  flume   7.290  00  3.75    "      "        "  " 

Tail  sluice  (300  ft.)   1,800  00  0.95    "      "         "  " 

Undercurrents   5,235  00  2.50  "      "        "  " 


$192,735  73       100.00   "      "        "  " 

Mr.  P.  Wright,  assistant  engineer  for  water-supply, 
Beechworth  District,  Australia,  in  giving  his  experience 
on  the  subject  of  the  distribution  of  gold  in  sluices,  says : 
"  With  a  sluice  12  inches  wide,  on  an  incline  of  one  foot 
to  48  feet,  using  600  gallons  per  minute,  I  have  found  95 
per  cent,  of  the  gold  within  three  feet  of  where  the  gravel 
was  filled  into  the  sluice — where  the  gold  was  lying  on 
a  smooth  board,  and  yet  a  powerful  current  failed  to 
move  it."* 

Distrilmtioii  in  Tail  Sluices. — The  North  Bloom- 
field  tunnel  (8,000  feet  in  length)  has  1,800  feet  of  sluices, 
paved  with  blocks  at  its  upper  end  ;  but  in  the  succeeding 
6,200  feet  no  sluices  are  used,  the  tailings  being  allowed 
to  run  on  the  bare  bed-rock  (a  tough  slate). 

From  the  rock-cut  at  the  mouth  of  the  tunnel  a  sluice 
paved  with  rocks  receives  the  tailings.  From  here  on 
they  are  carried  through  sluices  and  cuts  and  distributed 
over  undercurrents  which  are  set  on  different  grades, 
paved,  in  some  instances,  with  rocks  and  blocks,  and  oc- 
casionally arranged  with  longitudinal  riffles  covered  with 
strap  iron.  The  grizzlies  used  are  made  of  wrought  iron, 
I  by  4  inches  in  size,  set  on  edge.  The  dischai^ge  from 
the  several  undercurrents  is  taken  up  by  the  inain  sluice 
and  subsequently  redischarged  over  the  succeeding  un- 
dercurrent until  the  lowest  sluice  and  undercurrent  final- 
ly discharge  the  tailings  into  the  canon.  From  December 
I,  1876,  to  June  I,  1877,  354,000  24-hour  miner's  inches  of 
water  (2,230  cubic  feet  each),  conveying  the  tailings,  passed 
through  the  main  sluice  and  tunnel  and  were  discharged 
through  the  tail  or  lower  sluice  and  undercurrents. 

*  "  The  Gold  Fields  and  Mineral  Districts  of  Victoria,"  R.  Brough  Smythc,  p.  133. 
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The  annexed  sketch  shows  the  general  arrangement  of 
the  tail  sluices  and  undercurrents,  which  latter  were  sub- 
divided into  compartments,  as  indicated. 


ft.  ^  isfcy^,^ 


y  U                          24  ft. 

36  ft. 

Fig.  72. 

The  distribution  of  the  gold  along  the  line  of  sluices 
and  in  the  several  undercurrents  was  as  follows  : 

Tail  sluices  from  December  i,  1876,  to  June  i,  1877,  miner's 
inches  of  water,  24  hours  each,  350.000. 

150  feet  at  head,  down  to  No.  i  Undercurrent,  yield   $3,150  00 

150  feet,  remainder  of  sluice,  yield   350  00 


Total   $3,500  00 

No.  I  Undercurrent — Size,  24  by  36  feet;  grade,  13 
inches  in  12  feet ;  chute,  2  feet  wide  at  opening,  contracted 
to  10  inches;  iron-rail  riffles.  (The  undercurrents  are 
divided  into  four  compartments,  A,  B,  C,  and  D.) 

A       yielded  loSV^  ounces  amalgam. 
B       '  " 

C  ••  4(>\i  " 

D  "  31M  " 

Chute     "  46W       "  " 


■  3  clean-ups. 


316I4       "  "       Value,  $1,920. 

No.  2  Undercurrent — Size,  24  by  24  feet;  grade,  12 
inches  in  12  feet;  chute,  upper  end  2^  feet,  lower  end 
2  feet ;  iron-rail  riffles. 

A       yielded        48^  ounces  amalgam.  ^ 
36M  " 


P 
C 
D 

Chute 


zo^ 

14 

143^ 


►  2  clean-ups. 


Value,  $874. 
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No.  3  UndercLin-ent— Size,  24  by  36  feet;  grade,  15 
inches  in  12  feet;  chute,  feet  upper  end,  2  feet  lower 
end  ;  rock  riffles. 


rocTc  cut 


soft.  21ft. 

Tail  Sluices  and  Undercurrent.s. 


A        yielded  50}^  ounces  amalgam. 

B  "  35M 

C  "  i8i£ 

D  "  16 

Chute      "  8i.£ 

128^ 


cl 


clean-ups. 


Value,  $883. 


No.  4  Undercurrent — Size,  20  by  36  feet;  grade,  12 
inches  in  12  feet;  rock  riffles. 

71%  ounces  amalgam.    Value,  $430. 

No.  5  Undercurrent  (constructed  in  March) — 150,000 
miner's  inches  of  water;  size,  24  by  24  feet;  grade,  12 
inches  in  12  feet;  chute,  2%  feet  upper  end,  contracted 
to  2  feet  lower  end;  riffles  by  4  inch  lumber,  cov- 
ered with  strap  iron  ;  nails  I  inch  apart. 


A    yielded      5      ounces  amalgam.  1 
B    '    "  SH 
C 
D 


/2 

5 


25 


I  clean-up. 
Value,  $150. 


No.  6  Undercurrent — Size.  24  b}'  36  feet;  grade,  17 
inches  in  12  feet  ;  rock  riffles;  chute,  2}4  feet  upper  end. 
2  feet  lower  end  ;  1 50,000  miner's  inches  of  water. 
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A    Yielded      S      ounces  amalgam. 
B        ••  5 
C        ••  3'^  '• 


D 


I  clean-up. 
IQ^^       "  "  Value,  $115. 


The  total  yield  of  tlic  undercurrents  and  tail  sluices, 
for  the  period  mentioned,  was  $7,872,  while  that  of  the 
claim  was  $145,000. 

The  amals^ani  from  tiie  main  sluice  is  worth  from 
$7  50  to  $8  50  per  ounce  Tn^v,  whereas  that  of  the  under- 
currents varies  from  $6  to  $6  20  per  ounce  Tro}-. 

The  result  of  the  undercurrents  and  tail-sluice  clean- 
ups  for  the  year  1876-7  was  as  follows: 

Yield. 

Cut  A  to  B   334     ounces  amalgam. 

Tail  sluice  B  to  C   1,380)^      "  " 

Undercurrent  No.  i   f>48?4      "  " 

■    2   280?^ 

"    3   253?^ 

"    4   143^4  " 


(•  6  months..  \  ^'^ 


•'    6>                   <  591^ 
Total  in  canon   3.170 


This  amount  (3,170  ounces)  equals  in  value  about  7  per 
cent,  of  the  total  yield  of  the  mine  for  the  fiscal  year,  dur- 
ing which  period  595,500  miner's  inches  of  water  have 
been  used,  extracting  $291,116  90  gold. 

Comparing  these  final  results  with  those  of  the  pre- 
vious year,  1875-6,  the  metal  is  found  distributed  through- 
out the  sluices  and  undercurrents  in  the  same  relative  pro- 
portions. 

This  fact  is  rioteworthv,  since  in  1875-6  the  bulk  of 
the  material  moved  was  "  top  gravel,"  while  in  1S76-7  a 
much  larger  proportion  of  "  cement  gravel  "  was  run 
through  the  sluices. 

In  the  heavy  cement  at  French  Corral  and  Manzanita 
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a  high  percentage  ot  the  gross  yield  of  the  mines  is  found 
in  the  undercurrents. 

Hydraulic  mining  in  the  "  cement  claims  "  is  carried 
on  under  great  difficulties.  An  exhibit  of  the  workings 
of  the  sluices  of  a  representative  "  cement  claim  "  (French 
Corral)  is  here  given,  and  the  contrast  thus  afforded  with 
the  workings  of  sluices  in  the  majority  of  cases  is  most 
striking  and  of  especial  interest. 

The  washings  from  the  French  Corral  mine,  after  pass- 
ing through  the  new  tunnel,  are  successively  distributed 
over  nine  undercurrents  before  they  are  finally  discliarged. 
The  sizes  and  arrangements  of  these  undercurrents  are 
given  in  the  accompanying  table. 


TABLE  XXXI. 
French  Corral  Mine  Undercurrents^  etc. 


Undercurrents. 

Secondaries. 

Main  Sluice 
cuntauiiug 
Grizzly. 

From  Mouth 
of  Tunnel 
down. 

Leneth  over 
all. 

Width. 

Grade.* 

Bottom  lined  with 

Length. 

? 

Grade. 

Length. 

Width. 

No.  I 

Feet. 
42 

Feet. 
20 

Per 
Cent. 

8 

Blocks  6"  wide,  4"  deep.. 

Feet. 

Feel. 

Per 
Cent. 

Feet. 

Feet. 
5 

*'  2 

4a 

20 

8 

21 

12 

7 

42 

6 

"  3 

42 

20 

8 

(  Longitudinal  rails,  28  ft.. 

V 

6 

"  4 

"  5 

42 
42 

8 

>i  blocks ;  %  rails  

28 

6 

20 

8 

42 

6 

"  6 

42 

20 

8 

28 

6 

"  7 

42 

20 

8 

21 

12 

7 

42 

fi 

"  8 

42 

20 

8 

28 

6 

"  9 

42 

20 

8 

28 

12 

7 

28 

6 

From  January  14  to  October  3,  1877,  there  were 
163,263  miner's  inches  of  water  discharged  over  these 
undercurrents,  and  the  corresponding  yield  of  the  wash- 

•  Grade  15  inches  in  14  feet. 


I 
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ings  was  $201,284  36  gold,  \/yi  jht  cent,  of  said  amount 
being  found  in  the  undercurrenls,  distributed  in  the  fol- 
lowing proportions  : 

l  ABLK  XXXI  A. 
Yidiii  of  the  Uni/i  rc  in  rents,  etc.,  itt  the  French  Corral  Mine. 


.Amalgam  Yield 

in  lbs. 

Avoirdupois. 

1-^ 

«s 

Undercurrents. 

Secondaries. 

Use 

S  V 

£•£ 

"c'e 

Nos. 

1 

2 

3 

4 

5 

6 

7 

8 

9 

I 

3 

"b 
0 

H 

Lbs. 

■,6 

67X 

56% 

42 

3« 

»4H 

=3« 

•7 

I 

9H 

388>i 

>7-5 

As  a  further  illustration  of  the  distribution  of  gold  in 
the  sluices  of  hydraulic  claims,  a  classified  statement  is 
given  showing  the  workings  of  the  sluices  at  the  Man- 
zanita  Mine,  Sweetland,  Nevada  County,  from  December 
20,  1876,  to  October  3,  1877  : 


lABl.E  XXXII. 


Date  of  Clean- 
up. 


January  4  

March  17  

April  23  

June  8  

J">y  13  

August  g  

September  29  

From  top  Mine 

worked  in 
March  and  May, 


Total... 


«  3 


Amalgam  Yield  In  lbs.  Avoirdupois. 


Long  Sluice  by 
Section. 


16  3 


8,636  I  18  ^48 
S5.937  I  37  '03 


21,491  I  51 
=9,187  I  46 
■  5,868 
17,000 


i  i" 
64    1  53  33 

33x1  66  ■• 


23,400  104     124  IS 


16,958 


■58.494 


353X  56.«|63 


37X 


83H 


1864 


■■■54  87  64  171^  1600 


4oJi 


c 

2 

ndercur 

•3 

iMion  V 

D 

0 
H 

ca 

8 

9° 

$7,734  87 

3° 

170 

'5.970  S3 

3^X 

230 

20,238  51 

34X 

24>K 

21,562  47 

8M 

■57H 

■5>40«  70 

■7!^ 

•54 

■5>970  S3 

44 

526 

46,307  19 

$146,408  31 
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The  arranjj^cment  of  the  sluices  here  Is  as  follows  : 


1st.  East  cut  contained,  average   40  boxes  * 

West  "  "    2S 

2d.  Tunnel  "  "    120  " 

3d.   Long  sluice    "  "    300  " 

4th.  Undercurrents  (8  to  commence,  10  at  end)..  50  " 

Total   538  " 


The  long  sluice  is  divided  into  six  sections,  each  sec- 
tion containing  the  following  luunber  of  boxes  : 

1st  section.  29  boxes,  to  second  angle  belov.'  tunnel. 


2d 

'      56  " 

Pease  Ravine. 

3d 

23 

Buckeye  Point. 

4th 

'      67  " 

Armstrong  Ravine. 

5th  ■ 

62 

Ouinn's. 

6th 

'  63 

Lower. 

The  sluices  ni  the  cut  are  4  feet  in  width,  while  those 
in  the  tunnel  and  the  long  sluice  arc  5  feet  wide,  all  of 
them  having  a  side  lining  of  blocks  3  inches  thick. 

The  riffl;.'s  used  in  the  cut  sluices  are  hand-sawed 
blocks,  13^  by  13'^  by  10  inches,  and  those  in  the  tunnel 
sluices  are  also  hand-sawed,  ^^,^4  by  13^  by  10  inches, 
and  17^  by  17)^  by  10  inches;  about  half  of  each.  In  the 
long  sluice  quarried  granite  rocks  18  inches  thick  are  sub- 
stituted for  block  riffles.  The  grade  along  the  line  of  the 
cut  and  tunnel  is  7  niches  in  14  feet,  while  that  of  the  long 
sluice  averages  9  inches  in  14  feet,  with  drops  of  6  inches 
at  each  angle. 

The  inidercurrents  (10  in  number)  are  similar  to  those 
used  at  the  French  Corral  mine.  They  are  42  feet  long 
(the  apron  over  which  the  water  is  spread  forms  a  part), 
20  feet  wide,  set  on  grades  ranging  from  io}4  inches  to  16 
inches  per  box,  and  arc  paved  with  blocks  6  by  17  by  4 
inches  in  size. 

The  three  following  tabulated  exhibits  are  self-expla- 
natory, and  show  in  the  Manzanita  mine  the  results  pro- 
duced b)'  widening  the  undercurrents. 

*  Each  box  14  fecL  in  length. 
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CHAPTER  XVIII. 


LOSS  OF  GOLD  AND  QUICKSILVER. 

Loss  of  Quicksilver. — There  is  an  unavoidable  loss 
of  quicksilver,  the  amount  of  which  depends  on  the  char- 
acter of  the  gravel  w  ashed,  the  quantity  of  water  used, 
the  grade,  length,  and  condition  of  the  sluices,  and  the 
number  of  days  run.  The  use  of  a  long  line  of  sluices, 
kept  in  good  order,  and  the  employment  of  undercur- 
rents, tend  to  diminish  it. 

JLa  Grange. — The  aggregate  amount  of  quicksilver 
lost  at  the  La  Grange  Hydraulic  Company's  mine  in  run- 
ning six  claims,  during  a  period  of  two  and  a  half  years, 
aggregating  1,520*  days  (24  hours  each),  washing  and 
moving  2,275,967  cubic  yards  of  gravel,  and  using  i  ,533,72<S 
miner's  inches  of  water  (2,159  cubic  feet  each),  was  553.75 
pounds. 

The  exact  loss  of  quicksilver  during  four  years'  work 
on  the  various  claims  of  this  company  amounted  to  i,200' 
pounds. 

North  Bloomfield. — For  the  year  ending  Novem 
ber  3,  1875,  the  North  Bloomfield  claims  used  464,600 
miner's  inches  of  water  (2,230  cubic  teet  each),  and  9,649 
pounds  of  quicksilver  were  emploved  in  the  sluices. 

The  loss  of  quicksilver  at  the  respective  claims  was  as 
follows : 


Name  nf  Claim. 

Miner's 

inches  used. 

Length  of 
Shiice. 

Loss  of 
Quicksilver. 

/'■,■,■/. 

I.l-s.       Per  ct. 

No.  8  

386,972 

i.Soo 

goo         1 1 

51,550 

600 

217  25 

26,000 

400 

125  25 

•  The  aggregate  niimbc  of  days'  work  of  all  the  claims. 
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The  large  losses  at  the  Woodward  and  Eisenbeck 
claims  are  attributed  to  old  and  poor  sluices  and  steep 
grades.  For  the  year  ending  October  31,  1876,  the  loss 
of  quicksilver  at  the  same  claims  was  as  follows : 


Name  of  Claim. 

Miner's 
inches  used. 

Length  of 
Sluice. 

Loss  of 
Quicksilver. 

Frtt. 

Lbs. 

iNo.  S  

700,000 

1,800 

2,251 

30,000 

600 

123 

56, 200 

400 

182 

In  1882  the  loss  of  quicksilver  at  the  North  Bloom- 
field  mines,  with  a  use  of  1,000,000  inches  of  water,  was 
3,390  pounds. 

The  following  table  shows  the  total  number  of  inches 
of  water  run,  total  corresponding  amount  of  gold  col- 
lected, and  loss  of  quicksilver  at  the  North  Bloomfield 
mine  from  1876  to  1882  inclusive  : 


TABLE  XXXVI. 


Water  used. 
Inches. 

Bullion  produced. 

Loss  of 
Qtacksilver. 

1876  

■S77  • 

1878  

1879  

1881*  

740,650 
535.450 

793.999 
918,983 
863.820 
744.600 
988,250 

5.585.752 

$200,366  54  ■ 
292,382  95 
312,279  97 
33L759  76 
287,924  i3 
236,935  14 
386,146  23 

$2,047,794  77 

■ 

21,512  lbs. 

In  rock  sluices  which  are  run  long  periods  without 
cleaning  up  the  loss  of  quicksilver  is  very  great.  The  24- 
foot  undercurrents  at  French  Corral  and  Manzanita  mines 
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arc  tslimatecl  to  lose  from  7  to  8  pounds  of  quicksilver 
per  run  of  10  weeks. 

Delaiiey  and  IVew  Kelley  Claims. — The  annexed 
table  shows  a  run  at  the  Delaney  and  New  Kelley  claims, 
in  Stanislaus  County,  where  the  grades  aix  light ;  the  de- 
tails give  the  amount  of  quicksilver  charged,  loss  of 
quicksilver,  quantity  of  water  used,  and  the  cubic  yards 
of  gravel  mined,  with  all  attendant  costs. 

There  was  more  water  used  in  the  Delaney  than  in  the 
Kelley,  and  the  sluices  of  the  former  are  much  shorter 
tlian  those  of  the  latter.  The  composition  of  the  amal- 
gam obtained  at  the  Delaney  was  as  follows : 

Quicksilver   ...    65.19  percent. 

Gold   34.S1 

Total   i(X).oo  " 

One  hundred  and  rtft3  -eight  pounds  of  this  amalgam 
were  retorted,  from  which  90  pounds  of  quicksilver  were 
distilled,  showing  a  loss  of  12.62  percent.  The  retorted 
gold  weighed  55  pounds,  and,  after  melting,  52  pounds — 
a  decrease  in  the  wciglit  (from  slagging  off  impurities, 
lead,  etc.)  of  three  pounds,  or  5.76  per  cent.  The  fineness 
of  this  bullion  was  .895. 

Loss  of  Gold. — The  most  efficient  means  of  saving 
gold  from  cement  gravel  are  a  liberal  use  of  the  best  shat- 
tering powder,  breaking  ihe  cement  before  it  is  washed, 
and  the  introduction  of  several  "drops,"  when  possible, 
along  the  line  of  the  sluices.  Frequent  drops  and  short 
lines  give  better  results  than  a  long,  continuous  line. 

Gravel  moving  in  sluices  is  subjected  to  a  grinding 
and  scouring  process  which  alone  is  not  sufficient  to  dis- 
integrate the  cement  gravel  unless  the  sluices  are  of  great 
length.  The  lessening  of  grades  and  the  use  of  undercur- 
rents tend  to  diminish  the  loss  of  fine  gold.  Extensive 
lines  of  sluices  and  undercurrents  are  expensive  to  build 
and  keep  in  repair.  Like  the  last  concentrator,  the  last 
undercurrent  will  alwavs  catch  some  metal. 
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While  the  knowledge  <ji  the  quantity  of  gold  in  gravel 
banks  remains  as  imperfect  as  it  is  at  present,  the  simple 
and  well-known  appliances  now  in  use  are  the  most  con- 
venient and  economical,  and  the  excuse  so  often  given 
for  small  yields — viz.,  loss  of  microscopic  gold,  and  bad 
sluices — can  be  set  down  as  one  of  the  preliminary  in- 
dications of  a  bad  investment. 

The  loss  of  quicksilver  in  sluices  would  seem  to  in- 
volve the  loss  of  gold,  but  it  is  practically  impossible  to 
determine  to  what  extent  this  is  the  case.  There  are 
many  conflicting  opinions  as  to  the  amount  of  fine, 
floured,  and  "rust"  gold  which  escapes,  but  in  properly 
constructed  sluices  the  appliances  already  known  save  all 
that  can  be  economically  or  profitably  caught. 

In  substantiation  of  this  can  be  cited  the  work  done  in 
1872-6  at  Gardner's  Point.  The  number  of  inches  of 
water  used  at  the  claim  during  this  period  is  not  known. 
The  number  of  cubic  3'ards  of  gravel  moved  has  been  ap- 
proximated from  the  best  obtainable  data  and  an  inspec- 
tion of  the  property.  From  1872  to  1874,  inclusive,  about 
148,000  cubic  yards  of  dirt  were  mined.  In  1875  the 
claim  was  run  full  time  only  fourteen  days.  In  1876,  40,- 
000  cubic  yards  of  gravel  and  260,000  cubic  yards  of  lava 
ashes  wei^e  washed.  The  gross  yield  from  1872  to  1876 
was  $140,000. 

The  tailings  from  all  these  washings  were  caught  and 
confined  in  a  ravine  situated  a  short  distance  below  the 
claim.  The  length  of  the  sluices  through  which  the 
gravel  passed  was  1,378  feet,  with  three  undercurrents. 
In  1876  the  ravine,  supposed  bv  many  to  be  exceedingly 
rich,  was  cleaned  up,  and  its  gross  3neld  was  $1,168,  not 
one  per  cent,  of  the  total  receipts  from  the  washings. 


CHAPTER  XIX. 


THE  DUTY  OK  THE  MINERS  INCH. 

The  quantitv  of  material  tliat  is  washed  by  an  inch  of 
water  in  twenty-lour  hours  is  called  its  "duty."  Esti- 
mates of  the  average  duty  have  of  necessity  differed 
greatly,  since  the  inch  itself  denotes  a  varying  discharge 
oi  1. 20  to  1.76  cubic  feet  per  minute  in  different  parts  of 
the  State.  Therefore  the  determination  of  the  "duty  "  is 
good  only  for  the  specific  condition  under  which  it  is 
made. 

The  circumstances  by  which  it  is  affected  are,  the 
quantity  of  water,  character  of  the  material  washed, 
height  of  banks,  use  of  explosives,  size  and  grade  of 
sluices,  and  class  of  riffles.  The  sluice  affects  the  duty 
of  the  inch  in  so  far  as  its  ca|>acitv  regulates  the  quantit}' 
washed. 

The  banks  of  the  mines  which  discharge  their  tailings 
into  the  American  River  consist  princi[)allv  of  small,  fine 
sediment,  disintegrated  rock,  and  materials  wiiich  are 
easily  moved.  The  duty  of  the  inch  in  this  locality  is  as- 
sumed by  the  State  Engineer  to  be  4}^  cubic  yards;  while 
at  Dutch  Flat,  in  the  deep  washings,  he  found  it  to  ave- 
rage only  from  1.4  to  2  cubic  vards. 

The  duty  of  the  inch  in  the  mines  which  "  tail  "  into 
the  Yuba  River  is  estimated  by  the  same  authority  to  be 
3.5  cubic  yards.  The  gravel  deposits  here  are  composed 
of  all  grades  of  material. 

The  following  table  from  Lieutenant-Colonel  Men- 
dell's  report  shows  the  State  Engineer's  estimates  of  the 
duty  of  the  inch  in  various  localities: 
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TABLE  XXXVIII.* 


Name  of  Streams. 

Quantity  of  Water  used 
in    Mining   and  dis- 
charged into  beds  of 
rivers  in  24  hours. 

State  Engineer's 
Kbtimaie  of  the 

Amount  mo\ed. 

Indus. 

Cubic  Yards. 

Cubic  Yards, 

Table    Mountain,  or 

833,250 

2% 

2,916,375 

24,000 

3 

84,000 

1,259,363 

3% 

4,407,770 

5.458,171 

iVz 

19,103,598 

Bear  River  

1, 117,082 

3 

3.351.246 

Dry  (Jreek  No.  2  

44,22y 

3 

132,687 

American  River. .... 

1,914,500 

4^2' 

8,615,250 

Total  

10,650,595 

3.6 

38,610,926 

The  average  duty  of  the  miner's  inch  in  the  deposits 
mined  and  discharged  into  the  .San  Joaquin  and  its  tribu- 
taries, according  to  Lieutenant  A.  W.  Payson,  Corps  of 
Engineers,  U.  S.  A.,  is  shown  in  Table  XXXIX. 

In  discussing  the  subject  Lieutenant  Payson  says:  "  I 
have  thought  it  fair  to  allow  for  the  larger  hydraulic 
mines  2i/^  yards  per  inch  ;  for  the  '  Jenny  Lind  '  and  many 
oi  the  smaller  claims  with  low  banks,  deficient  head,  grade, 
and  water-supply,  2  yards;  while  in  numerous  instances  of 
placer,  river,  and  drift  mining,  where  excavated  material 
is  thrown  into  sluice-boxes,  I  have  varied  the  amounts  ac- 
cording to  my  knowledge  of  the  circumstances.  .  .  .  The 
quantity  for  Calaveras  is  based  on  the  probable  future 
water-supply." 

From  empirical  data  at  the  Jenny  Lind  claim,  with  a 
grade  of  the  tail  sluices  of  to  t,';..  f'l*^  quantity  moved 
was  estimated  at  2.4  yards  per  inch.  The  material  was 
coarse  cemented  gravel  which  required  the  use  of  powder. 

At  Cherokee  Flat,  with  generally  very  fine  material, 
high  banks,  head  of  300  to  350  feet,  and  grade  5-5  cubic 
yards  are  reported  by  the  superintendent  as  the  duty  of 
the  inch. 

•  Sec  also  Report  State  Engineer,  1880,  part  iii.  p.  34. 
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At  Dutch  Flat,  in  Nevada  County,  the  duty  of  the 
miner's  inch  has  been  estimated  *  at  certain  mines  to  be  as 
follows : 

TABLE  XL. 


Name  of     i  i- 

Inches  of  Wa- 
ter used. 

Total  Cubic 
Y^jrus  moved. 

Cubic  Yards 
moved  per  Incii 
of  Water. 

240.144 

598,050 

2.02 

Polar  Star   

412,070 

t)  1  0 ,  1 30 

1.49 

91,40(1 

3-''',  "47 

3-4 

247,062 

2,057,400 

7-50 

In  the  State  Engineer's  report  the  estimates  are  un- 
doubtedly the  results  obtained  after  careful  investigation 
of  the  subject ;  but,  unfortunately,  the  quantity  of  water, 
grades  and  size  of  the  sluices,  and  character  of  the  riffles 
are  not  given. 

According  t(j  Le  Contcf  "  if  the  surface  of  the  ob- 
stacle is  constant,  the  force  of  running  water  varies  as  the 
square  of  the  velocity,  the  transjjorting  power  of  a  cur- 
rent varying  as  the  sixth  power  of  the  velocity ;  but  the 
power  of  removing  material  will  vary  between  the  square 
of  the  velocity  and  the  sixth  power  of  the  velocity." 

The  transporting  power  (as  used  by  Le  Conte)  and  the 
transporting  capacity  are  terms  which  must  not  be  con- 
founded. Transporting  capacity  denotes  the  amount  of  ma- 
terial which  running  water  carries  along  per  unit  of  time. 

The  transporting  capacity  of  sluices  is  generally  great- 
er (comparativel}')  than  that  of  rivers,  on  account  of  the 
usually  heavier  grades  (from  200  to  300  feet  per  mile), 
regularity  of  cross  sections,  and  character  of  the  bottom 
and  sides  of  the  former. 

In  sluices  where  the  riffles  are  blocks  a  larger  amount 
of  material  is  moved  than  where  rock  riffles  only  are 
employed.  An  increase  in  the  grade  of  a  sluice  would 
necessarily  increase  its  carrying  capacity. 

*  By  the  State  Engineer,  W.  H.  Hall,  State  of  Cal.  m.  Gold  Run  Ditch  and  Mining  Co. 
t  '*  Elements  of  Geology,"  Jos.  Le  Conte,  pp.  19,  20. 
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The  dirt  as  it  enters  the  sluice  has  its  lighter  portion 
taken  up  and  carried  in  suspension  by  the  current,  whilst 
the  coarse  and  heavy  material  moves  along  on,  and  in 
part  above,  the  riffles,  but  below  the  surface  of  the  water. 
Boulders  and  rocks  move  down  the  sluices  with  varying 
velocities  and  in  different  directions  as  thev  advance,  aid- 
ing in  stirring  and  disintegrating  the  cement  gravel  and 
earthy  stuff,  which  little  by  little  fall  to  pieces  and  into  par- 
ticles that,  segregated  as  light  material,  rise  towards  the 
surface  of  the  water.  The  rocks  and  boulders  travelling 
over  the  riffles  assist  in  keeping  the  material  thoroughly 
agitated  in  the  sluices,  where  it  is  alternately  changing 
position  from  the  bottom  to  the  top,  until  it  is  finallv  dis- 
charged. 

The  material,  wearing  down  as  it  advances,  is  kept 
from  packing  by  the  presence  of  the  rolling  rocks  which 
still  maintain  their  solidity.  Light,  sandy  gravel  requires 
very  wide  and  shallow  sluices,  as  it  cannot  be  washed  ad- 
vantageously in  deep  sluices,  unless  by  a  proper  mi.xture 
of  rocks,  which  permits  the  use  of  a  greater  quantit}-  ol 
water,  so  that  the  capacity  of  the  same  sluice  is  increased. 

A  heavy  grade  will  compensate  for  a  limited  supply  of 
water.  With  an  abundant  supply  of  water  and  material, 
the  capacity  of  sluices  will  depend  upon  : 

1st.  The  character  of  the  material  washed  ; 

2d.  The  size  and  minimum  grade  of  the  sluices  ; 

3d.  The  character  of  the  riffles  used. 

1  he  statement  of  .some  engineers  that  the  transporting 
power  (meaning  capacity)  of  a  sluice  increases  with  the 
third  power  of  its  grade  is  not  verified  by  the  compara- 
tive tests  which  have  been  recorded.  However,  these 
tests,  which  give  the  only  reliable  data  extant,  were  not 
made  with  the  same  material,  so  there  is  still  a  very  im- 
portant factor  undetermined. 

The  empirical  results  thus  far  obtained  demonstrate  that 
the  transporting  capacity  of  a  sluice  set  on  a  2.08  per 
cent,  grade,  and  that  of  a  sluice  on  a  4^4  per  cent,  grade. 
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*vary  as  the  1.52  to  the  1.87  powers  of  these  grades.  How 
this  will  agree  with  the.  results  obtained  fiom  properlv 
conducted  experiments  on  increasing  from  4  or  4)^  to  8 
or  9  per  cent,  grades  remains  to  be  ascertained.  Mi-. 
Hamilton  Smith,  Jr.,  considers  that  under  these  circum- 
stances the  transporting  power  (capacity)  of  the  sluice 
will  increase  about  with  the  scjuare  of  the  inclination. 

Mr.  P.  M.  Randall  says  that  the  transporting  power 
(capacity)  of  water  is  as  the  3.75  power  of  the  velocity. 

From  official  data  of  the  Blue  Tent  Company  of  the 
amounts  of  light  material  washed  on  a  loyi  per  cent, 
grade,  it  would  appear  that  the  transporting  capacity  for 
such  material  varies  as  tiie  1.20  power  of  the  grade. 

The  time,  means,  and  facilities  lor  the  careful  and 
thorough  investigation  and  determination  of  the  dutv  of 
the  miner's  inch  have  not  as  yet  been  afforded  to  the  en- 
gineers who  have  been  appointed  for  this  purpose.  In 
most  cases  the  amounts  of  material  estimated  to  have 
been  removed  may  be  considered  as  mere  approximations, 
as  is  evidenced  by  the  wide  differences  in  the  many  esti- 
mates which  are  given  in  the  various  publications. 

In  the  suit  of  the  State  of  California  I's.  the  Gold  Run 
Ditch  and  Mining  Companv  the  estimates  of  the  amounts 
of  material  washed  and  remaining,  made  by  the  varitjus 
engineers  who  had  investigated  the  subject,  showed  dif- 
ferences as  great  as  33  per  cent,  where  the  question  of 
size  of  excavations  and  cubic  contents  was  alone  at  issue. 
The  difference  arose  largely  from  attempts  to  reconstruct 
from  insufficient  data  the  former  topography  of  the  land 
mined,  no  accurate  inlormation  upon  the  point  being  ob- 
tainable. 

The  only  known  attempts  at  any  extended  and  detailed 
investigation  of  the  dutv  of  the  miner's  inch  have  been 
made  by  the  North  Bloomtield  and  the  La  Grange  Hy- 
draulic Mining  Companies.  The  results  of  the  work  per- 
formed at  these  mines  are  given  in  the  annexed  tabulated 
statement  ; 
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CHAPTER  XX. 


STATISTICS  OF  THE  COSTS  OF  WORKING  AND  THE 
YIELD  OF  GRAVEL. 

Correct  statistics  showing  the  costs,  the  quantity  of 
material  washed,  and  the  corresponding  yield  of  gold  are 
rare  and  difficult  to  obtain.  In  the  early  days  of  placer- 
mining  in  California  the  question  to  be  solved  by  the 
miner  was  not  what  the  gravel  would  yield  per  cubic 
yard,  and  what  it  would  cost  to  move  it,  but  rather  how 
manv  ounces  of  gold-dust  he  could  "  pan  out  "  or  "  rock 
out  "  between  sunrise  and  sunset.  What  the  miner  re- 
quired was  that  the  daily  yield  in  dust  should  exceed  the 
cost  of  living,  etc.  When  it  fell  below  this  he  moved  his 
camp  to  other  grounds. 

The  wonderful  productiveness  of  the  river  bars  and 
shallow  placers,  attested  by  the  gold  bullion  and  dust 
shipments,  created  an  extravagance  usual  to  all  new  and 
rich  mining  countries,  the  baneful  effects  of  which  are 
still  felt. 

As  the  richest  and  most  easily  worked  placers  became 
exhausted  the  increasing  necessity  of  mining  on  an  exten- 
sive scale  and  with  aniple  capital  led  to  the  formation  of 
large  companies.  Then  became  evident  the  importance 
of  determining  beforehand  the  amount  of  gold  in  the  va- 
rious claims  and  the  costs  of  working  them.  This  last 
included  various  engineering  problems,  as  the  best  grades, 
the  duty  of  the  inch,  etc.  In  this  manner  the  first  data 
concerning  the  yield  (commonly  estimated  per  cubic  yard, 
but  very  often,  for  the  sake  of  convenience,  per  inch  of 
water)  of  the  auriferous  gravels  were  published.  Many 
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of  these  were  collected  and  printed  in  the  reports  of  the 
U.  S.  Commissioner  of  Mininj^  Statistics,  and  Prof.  Whit- 
ney has  added  to  them  in  his  "  Contributions  to  American 
Geology."  Detailed  investigations  have  been  undertaken 
of  late  by  the  State  Engineer  of  California  and  also  bv 
Lieutenant-Colonel  Mendcll,  Corps  of  Engineers,  U.  8.  A. 

There  is  now  obtainable  quite  a  large  amount  of  sta- 
tistics in  printed  form  ;  but  to  a  great  extent  these  are  of 
no  value,  partly  from  their  unreliabilitv.  partly  from  their 
insufficiency  of  detail.  Miners  and  mining  corporations 
as  a  rule  object  to  making  public  anvthing  concerning 
their  propert}-  e.xcept  what  is  absolutely  necessary,  and 
are  apt,  when  pressed,  to  give  ambiguous  information. 
As  it  is  impossible,  after  large  areas  of  ground  have 
been  washed  away,  to  accurately  reconstruct  their  tojjog- 
raphy,  all  statistics  of  the  cubic  contents  of  excavations 
derived  from  surveys  made  after  mining  has  ceased  are 
unreliable. 

The  most  reliable  data  are  those  of  the  North  Bloom- 
field  and  the  La  Grange  Hydraulic  Companies,  both  of 
which  have  carried  on  their  works  in  the  most  intelligent 
and  satisfactory  manner. 

To  better  familiarize  the  reader  with  the  subject  of 
gravel-mining,  and  thus  enable  him  to  form  an  idea  of  the 
amount  of  water  used  per  cubic  yard  of  dirt  moved,  and  of 
the  corresponding  yield  and  attendant  costs,  an  exhibit  of 
a  claim  running  on  an  approximately  minimum  basis — viz., 
light  pressures  and  smallest  practicable  grades— has  been 
selected.  F<jr  this  purpose  the  claims  of  the  La  Grange 
Company  have  been  chosen,  as  the  yield  per  cubic  yard 
and  the  grades  there  used  can  be  considered  as  nearly  the 
lightest  with  which  an  hydraulic  claim  can  yield  remun- 
erative returns. 

The  annexed  tabular  statements  show  in  convenient 
form  the  data  alluded  to.*    The  tables  have  been  care- 


♦  In  obl^iining  the  data  for  these  tables  I  am  greatly  indebted  to  the  valuable  assistance  of 
Mr.  Joseph  Messerer,  superintendent  of  the  I.a  Orange  Ditch  and  Hydraulic  Mining  Company. 
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fully  arranged,  and  the  data  of  the  yield  and  disburse- 
ments are  accurate.  The  apportionment  of  the  material 
account  has  in  some  places  been  calculated  from  the  gene- 
ral material  account.  The  measurements  of  the  ground 
washed  were  made  at  eacii  clean-up,  and  subsequently  the 
entire  ground  was  resurveyed  and  the  work  checked. 

TABLE  XLVII. 

Rdsuine  of  work  done  by  the  La  Grange  Co.  on  all  its  claims, 
Jniie  I,  1874,  to  Sept.  30,  1876. 

l'533.728  inches  (2, 159  cubic  feet  each)  washed 
2  275,967  cubic  yards  of  gravel,  which  yielded 
12026.84  oz.  Troy  =  $231,893. 


DISBURSEMENTS. 

Material   

O.B  iaI  

Contingent   

Total. 
$17,307  62 

S2,345  70 
21,788  35 
11,244  94 
3.125  80 
1,130  41 

Per  C'diic  yard. 

$0  008 

0  036 
0  010 

1           0  006 

Per  ou  nee  meiat 
produted. 
$1  43 
6  85 
I  81 
0  94 
0  26 
0  09 

Total   

$136,942  82            $0  060 

$11  38 

Average  value  of  the  ol.  of  metal  (gold  and  silver)  produced.  .$19  29 

Average  yield  per  cubic  yard  of  gravel                                        0  1019 

Average  amount  of  gravel  washed  per  inch,  cubic  j'ards                i  48 

The  following  tabular  statements  show  the  workings 
of  a  mine  on  four  per  cent,  grades,  high  banks,  and  with 
great  hydrostatic  pressure.  The  advantages  of  heavy 
grades  and  pressure  over  the  minimum  La  Grange 
grades  are  clearly  shown  by  the  quantity  of  material 
moved,  and  a  comparison  of  the  work  and  costs  will  be 
of  interest  to  those  engaged  in  h^'draulic  mining  (see 
Table  XLVII  I.) 
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TABLE  XLIX. 


Classification  of  Mines  and  Mining  Expenses. 


Class  I. — Mines  with  Grades       to  2%  per 

Banks  20  to  80   feet  high; 
many    cobbles ;    few  boul- 
ders ;  cuts  light  ;  material 
easily  washed  :  worth  8  cts. 
to  16  cts.  per  cubic  yard. 

ent  : 

f  Operating  expenses  35  to  60  per  cent,  of 
gross  yield,  segregated  as  follows  : 

Labor  .  . .                                 60  perct. 

Explosives,  bank  powder           1  " 

Class  II. — Mines  with  Grades  4  to  4^  per  c 

Banks  50  to  150  feet  high  ; 
few    boulders  ;    cuts  not 
hard  ;    considerable  bank 
blasting;     material  worth 
20  cts.  to  27  cts.  per  cubic 

cut  : 

Operating  expenses  45  to  52^^  per  cent,  of 
gross  yield,  segregated  : 

Explosives,  bank  powder         17  '* 

"         high-grade,  caps 

100      "  \ 

Class  III. — Mines  with  Grades  4?^  to  p 

Banks  20  to  100  feet  high  ; 
many  boulders;  cuts  hard 
cement    gravel  :    blasting  ;  - 
material    worth  30  cts.  to 
45  cts,  per  cubic  yard. 

er  cent.  : 

Operating  expenses  55  to  65  per  cent,  of 
gross  yield,  segregated  : 

Explosives,  bank  powder.  ..7  " 
high-grade,  caps 

100  " 

Class  IV. — Mines  with  Grades  ^Yz  to  5  per  c 

Banks  100  to  ^so  feet  high  ; 
many  boulders  ;  hard  cuts  ;  j 
material  worth  s  cts.  to  12 
CIS.  per  cubic  yard. 

• 

:nt. : 

Operating  expenses  30  to  40  per  cent,  of 
gross  yield,  segregated  : 

Explosives,  bank  powder. ...     i  *' 
"          high-grade,  caps 

100  " 

Note. — This  estimate  is  based  on  the  supposition  that  each  company  owns  its  water. 
Wages  $2  50  per  diem. 


J 
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TABLE  LI. 

Yield  of  Gravely  including  smaller  Hydraulic  Drift  and  Cement  Claims^  according  to  Authorities  given. 


Name  of  Claim. 


Bennet  

Johnston  . . . 
Hedwick's.  . 
Whiiesides  . 
Nagler. .  . .  . 

Spanish  

Blue  Tent... 


South  Yuba  (Gopher  H  ill) . 


Enterprise. 


Polar  Star. 


Quaker  Hill  ... 

Kansas  

Empire  

Nebraska  

Indiana  Hill.  . 

Pond  

Sailor's  Union 

Paragon  .....  . 


Dardanelles  and  Oro. 
La  Porte  


Secret  Diggings  , , . 
Gardner's  Point, . . . 

Hean's  Hill  

Jack's  Hill  

McDoran's  

French  Hill  

Light  Claim  

Bald  Mountain  Co. 


Pioneer  Tunnel  

East  Ground,  Dry  Creek. 
Weslside. 

Piety  Hill  

Dry  Creek  

Smartsville  

Union  Gravel  

Pactohis  

Blue  Gravel   . 

Pittsburg  

Pactolus  


Location. 


Calaveras  Co   , 

El  Dorado  Co  , 

Nevada  Co  

Placer  Co   

French  Corral,  Nevad  i  Co. . 
Placer  Co  

Fnrest  Hill.  Placer  Cn^!  !!! 
La  i'orie,  Plumas  Co  

Plumas  Co  

La  Grange,  Stanislaus  Co. . . 
Sierra  Co.  

Shast-i  Co  .. 

Sucker  Flat,  ^'uba  Co  

Empire  Hill.  V'uba  Co  

Yuba  Co  

Temperance  Hill,  Yuba  Co. 

Yuba  Co  


No.  of 
Cubic  Yards 
Washed. 


g6q 

2,208 

2,g53 
g.722 
20,000 
1,422 
5.1.^8,150 

632^533 

501,028 


^.198,963 


67,500 

21),  166 

(tons)  600 
14,449 

2S5.^33 
404,615 

124,000 
22,271; 
3,630,000 


148,148 

740 

16,368 
73,506 


8S3 
50,000 

2,ODO 


2,042,000 
792,000 
1^468.800 
2.449,120 
565,760 
60,000 


Gross  Yield. 


$1,320  00 
1,5(^0  00 
1,450  00 

100,000  00 

100,000  00 
13.600  00 

780,000  00 

7Q.6g9  15 
70,143  92 
16.599  21 
28,818  63 
100,000  00 


223,000  00 

200,000  00 
9,000  00 

75^422  47 
9:,828  30 
42,8  )o  00 
92,000  00 
17,387  78 
476, (.)oo  00 
87.000  00 
57.500  00 
300.000  00 
118.000  00 
220  60 

37  37 
300  00 
9,782  98 
8.468  35 
328,352  38 


296,737  28 


235-797  87 
269,755  00 
164,904  00 
1,400  53 
g.ooo  00 
741  26 
22,000  03 
170.000  00 
400,0^0  00 
1 20.00-)  00 


Yield  per  ^^i^^^^ 
Cub.c  Yard. 


$1  37 

681^ 

10  28 
5  29 
5  00 
15 

12.6 

M 


3  30 
6  85 
$15  per  tun. 

5  22 
35  8 


74  2 

78 

M.  1 
3  "3 
20  87 
7  00 

79 
7" 
05 


2  83 
5  93 
4  79 

'  59 
18 
37 
16  50 


'3 

12;^ 


160-220 

1 50- ^OO 


Authority. 


J.  Rathget  

Raymond's  Rep..  1875. 

"  1874' 
Official  Rec,  1876-7... 


Remarks. 


"  187S  

1876-1878, 
Colgrove.  Pettee  


H.  Smith.  Jr., 


W.  H.  Pettee  

W.  A.  Goodyear  . . . 


Jos.  McGillivray . 


Calculated  from  jata  in  Raymond's  Rep.,  1872. 
Calculated  from  data,  p.  84. 


I  Estimated  by  several  engineers,  p.  19. 

I  I  W.  H.  Pettee.    See  "  Contributions  to  Am.  Geology,"  vol.  i.. 

\        Whitney,  p.  414. 
I  1  W.  n.  Pettee.    See  "  Contributions  to  Am.  Geology,"  vol.  i., 
\  I        Whitney,  p.  414. 

■  1  W.  H.  Pettee.  See  "  Contributions  to  Am.  Geology,"  vol.  i  , 
I        Whitney,  p.  414. 

I  Chiefly  top  gravel,  fine,  loose,  and  sandy  material.     W.  H. 
K        Pettee.    See  "Contributions  to  Am.  Geology,"  Whimey, 
f       p.  414. 

;  \  W.  H.  Pettee.  See  "Contributions  to  Am.  Cleology."  Whit- 
I        ney,  i-.  425. 

1  W,  H.  Pettee.    See  "Contributions  to  Am   Geology,"  Whit- 
I        ncy.p.  425. 
Cement  claim. 

The  richest  gravel  selected  and  milled. 

\  See  "  Cotitribiitinns  to  Am.  Gculntiy,"  vol.  i.,  Whitney,  p.  425  ; 

)        a!sn.  |.;.-nTiion<rs  Rep..  1873.  P-  I'-u. 

"  Contrilmtinns  to  Am.  Geology,"  vol.  i.,  Whitney,  p.  118. 

I  'I'lie  bed-inrk  yielded  $124,59800.     "Contributions  to  Am. 

/        (ieology,"  vol.  i.,  Whitney,  p.  u6. 


Chas.  Hendel. 


W.  H.  Pettee  

A.  J.  Bowie,  Jr. 


R.  Abbey  

Raymond's  Rep.,  1875.. 

H.  W.  Wallace  


H.  C.  Perkins. 


Chas.  Hendel  

Raymond's  Rep.,  1874. 


W.  K.  Conger.. 

Cooper  

Amos  Bowman. 


W.    Ashburncr   and  J 
D.  Hague. 


This  deposit  contained  many  large  boulders. 


Drifted. 


-  Shallow  spots. 


\  Deep  placer-mining.  Cubic  yards  estimated  from  coarse  dirt 
"(  washed. 

fFrom  June  24,  187-,  to  June  24,  1876,  iw.oSo  car-loads  ot 
f  gravel  mined,  stripping  300,240  snperlu  ial  feet  of  bed-rock. 
I  Each  car  contained  i  cubic  yard  of  loose  gravel cubic 
[        yard  of  gravel  in  place. 

)  Year  ending  June  24,  1877,  98.044  car-loads  extracted,  stripping 
'        343'7'j8  superficial  feet  of  bed-iock. 

1877-  187&,  io6,t6o  car-k-ads  cxtTarted. 

1878-  1879,  90,274  car-toads  extracted. 

1186'  tunnel  in  gravel,  io'-2o'  abuve  bed-rock. 


Raymond's  Report,  1874- 
Raymond's  Report,  1874. 

J  Sec  "  Report  on  the  Smartsville  Blue  Gravel  and  Excelsior 
1        Canal  Co.,"  pp.  32*35- 


TABLE  LII. 

Yield  of  Gravel  in  Forei^^n  Gold-Fields. 


Country. 


Canada 
Japan.. 


Russia  (Siberia) 


Province. 


New  South  Wales.. 


N'iclcria. 


District. 


Quebec. . .  . 
Oshima.... 

Shiribeshi. , 

Ibuii  

Altai  

Aimir. . 
Atcliiii^k.  . 
Allini-insk. 
Atdiinsk  .HI 
liargusiiisk 


1  M  inusin>k  . . . 


Iteresowsk  

liogclowsk  

Kansk  and  ( 
Niincudinsk  \ 

M;n>irisk  

Mu.sk  


Olektninsk 


Seniipalitin>k. 
Transbaikalia. 
Ural  


Wcrchncudinsk  

Yenesei,  Nonhern. 


Hathurst.  .  .   

Lachlan     

.Sonihern  

Peel  and  Uralla   

Ararat   . 

jliallarat  

I  lifcchworth  

iCasi  leniainc   . . ,  . 

Maryborough  

Kiviere  du  l-oup  

IMusa  gold-liclds  _  

.M  usa  gold-licK.s.  6  claims. . . . 
Kudo  jjold-liclds,  1  claims..  . 
'I'oshibitsu  gold-lields,  7  tlain 

j4  claims.  

4  claims  

19  claims    , .   

30  claimi.  


L'a  claii 


16  government  works.. 
28  government  works.. 


78  clailn^  

»5  EO\crnment  claims. 


Government  works 
213  private  claims. 
Government  works 
34  claims.  ,  


19  f.laims  

Private  works  

Orenhnr;4,  i^x  claims  

Perm,  124  claims  

Other  works.  81  claims  

13  claims  

1^  claims,  N'cnashimo  Valley. 

ig  claims,  Kalami  \'alley  

claims,  ( )gne  \'alley. . . 

Sev.)cliki>n  \  alley   

hitin  ,nnt  Hiiibknsh  Valley.. 
-\l  milk  \'.illey  


104 


Southern . , 


Yeniseisk  Circuit 


Shaarg.ms  Valley . 
Uderey  N'alley..  . 
Murojnaia  Valley. 

1 10  claims  

123  claims  


No.  of  Cubic 
Yaros  I 
Washed. 


Total 
Yield. 


I  Vic-Id  per 

L  iibic 
I  \ard. 


34,000 

25,000 
3 "^o  o 
100,500 
212.000 
35..SOO 
3,226 
2,800,000 
4J 


732,<xx> 
3-.i9.o  o 
iOtj,ooj 
3i8,<.Oj 
20.034.0,-0 
1/,  j,ooo 
4. 165.'  00 

293.000 

1 1  J.OOO 

I  I15.COO 
I  7.iij4,Oj.» 

;S4  .oco 
2, 09'.;, 000 

2.8  ^O.OOO 
3.8  .2,COO 

3.716,000 
565,0-30 
8^^.ooo 
10. 8  ,10  000 
61  7 .00 ) 
14, ;  J.'.ooo 
2t  1 .0  o 
4. 143.2S0 
7111,000 
480,000 
7  44.003 
SO.O.XJ 
,1,  lOO.OOO 

5.280.000 
4,050,000 

6.^^00.000 

1.4  IQ.OOO 
4,2t)0,OO0 

i8,7  10.'  00 
i.o  ;6,oo  1 

1  r  ,748.000 
6,600,000 
i,iq8,ooo 

20,790,000 

85,852,800 


$i72,0O-> 

47.40J 

I  7 .800 

1  2  1  ,3.>_» 

94,600 
i8g,2oo 
395,600 
213.S0O 


780.300 
1,4.^8,000 
i6-j,ooo 
316,700 

:o.8ui  ,000 
378,800 

12,013,300 
223,600 
143,801 

1 62, oco 
16,765.900 
461 ,300 
503,000 
3.951,900 
4,839,300 
4,634,400 
5,484,800 
1 .466,500 
1 .667,00  ) 
28.910.8.0 
5»9>5.^^^o 
66,405,^o(j 
90,900 

8,8l4>200 

1,017,700 
565, 70J 
745,500 

58. (CO 

2,^38.'  00 
16,14^,100 
I  3,5ofl,OOo 

33.5.8.600 

2.98S.F00 

?6.025,20) 
1 .592.<  00 
101.475. 200 
9.I?2.5O0 
57.083,400 

20,1 10, ('oo 

1.673,300 
60,986,200 
218,846,800 


Authority. 


Remarks. 


1  "  Mines  and  Miii.  Sia 
I      lisiics.  *     Ann.  Ke- 
r    pons  of  the  iJtpt.of 
j     Mines.  N  S.  W  .  . 
1 

,^  Mill    Sl-lllsliLS  of  \  ir- 

j      loi  ia  f  jr  1674 
j 

K  I.<.i;.in, 
H,  S.  Mui.ioc   

Official  » 
* 

Offiu.il  *  

1 

Official  *  . 

•  ]  '  _ 

t 

Official*   


t 

Offitial 
t 

Official  *.  , 
W,  Piinipelly. 
OfTlcial  • 


1 
t 

Official  * 
t 
t 
t 
+ 

Official  * 
t 

t 


j"  1871^  and  1880. 
f  i87g 


(icol   Sliivey  of  Canada,  i86?. 
'\  r.niN.  Anncr  Insl.,  vol,  v.  p  289. 
'J'ts.tN    ••  Gold-fields  of  Vcsso,  p.  64.' 

[,  "        "  35- 

'  "  ^3- 

1S74.  I 


•874. 
1S74 


874 


1841. 
1851 . 
1861 
.S75 


1S74 . 
1874 


■  8V4 
JS54- 
1874- 

■  874. 
183S- 
1874. 

■  S22- 
1841- 
iSsi- 
1861- 
1874. 

1S3-'- 

IS74. 
1S49- 

.S74 

.S4 
1S74. 


l8;2-l874. 

1S43-1S64 
1815-1864. 
184^-18^4. 

f-"p  in  1SA4. 
1S41-  1864. 
.874- 

Up  10  1R64. 
i8-,9-i864. 
Up  10  iR"4.  I 

1874-  I 
Up  10  1864.  J 
1834-1874. 


All  llir  Russ 
[0  .1  I  Miiiii 


""^  M  ' 

1,1-,  Inul.luS.  Cl, 

szneii  111  ilie  ■ 
Iroiii  llic  nature 
ni,ai.>i  Iini  ai. 
cicnllv  .ULin.n. 


I  ,  Ih 


i'l'i 


I.     I.  1    ll,,,    ,.„,|,.,.c  of 

coiii|  .Mi~,,ii  I  I,.  h_ni<  ,  11!., iked  * 
aie  ilf.-nc.I  I1..111  111,;  /,■,  ;,;■  1,^  Hlilt 
/f;/it.i^o\  J.iiiiiaiy  1,1  .nid  ,-\pril2o, 
1877  ;  and  llio-c  marked  1  Irom  the 
aiilhoriiies  and  statistics  in  Lock's 
•■  (iold." 


America  and  .\^i,i,"'  App.  3. 
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APPENDIX  A. 

San  Francisco,  Cal.,  May  26,  1884. 

A.  J.  Bowie,  Jr.,  Esq.,  Prcscni : 

Dear  Sir  :  You  will  find  herewith  a  statement  of  the 
produce  of  gold  in  the  United  States  since  its  discovery 
in  this  State  in  January,  1848,  to  the  close  of  the  fiscal 
year  ending  June  30,  1883,  prepared  b}'  me  at  your  re- 
quest. 

The  imperfect  methods  of  collecting  and  preserving 
such  data  in  this  country  are  so  well  known  to  statisti- 
cians and  others  as  to  scaicely  require  an}-  apology  for 
the  inaccuracies  of  these  estimates  or  the  indulgence  of 
your  readers.  I  have  long  been  satisfied  that  the  pro- 
duce of  the  precious  metals  in  this  country,  as  well  as  in 
others,  has  been  considerably  exaggerated,  and  that  the 
tendency  to  over-estimation  is  inherent  in  the  methods 
adopted.  My  long  connection  with  the  mining  indus- 
tries of  this  coast,  however,  through  metallurgical  opera- 
tions of  great  magnitude,  enables  me  to  eliminate  some  of 
the  inaccuracies  which  have  crept  into  published  state- 
ments, and  which  have  been  adopted  and  repeated  by 
subsequent  statisticians. 

Undoubtedl}'  the  most  reliable  method  of  determin- 
ing the  produce  of  this  country  in  the  aggregate  is  that 
based  upon  the  deposits  of  "  domestic  "  gold  made  at  the 
several  mints,  as  stated  in  the  directors'  reports,  and  the 

exports  of  uncoined  domestic  bullion,  as  shown  by  those 
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of  commerce  and  navigation  ;  though  in  its  distribution 
both  of  these  reports  are  necessarily  more  or  less  defec- 
tive in  detail,  and  the  latter  more  particularly  contain 
many  palpable  errors  and  omissions. 

In  order  to  conform  to  the  data  derived  from  these 
reports  I  have  stated  my  estimates  in  fiscal  years  instead 
of  calendar  j-ears,  which  are  usually  adopted  by  other  sta- 
tisticians. As  I  only  have  the  mint  rep(jrts  as  far  back  as 
1855,  I  have  not  the  details  of  foreign  gold,  old  United 
States  gold  coin,  jewellers'  bars,  and  old  plate  deposited 
from  1848  to  1854.  I  have,  therefore,  estimated  these 
items  for  this  period  at  five  millions,  which  I  find  to  be 
about  the  excess  of  the  coinage  over  the  "domestic"  gold 
deposited,  as  shown  in  the  "  Summary  "  tables  of  the  re- 
port of  1873.  In  the  navigation  reports  the  uncoined  gold 
exported  was  not  separated  from  lliat  of  gold  coin  prior 
to  1855.  I  have,  therefore,  estimated  the  amount  for  these 
seven  years  at  $88,479,269,  including  the  $33,479,269  of 
fine  bars  made  at  the  Philacielpliia  mint  in  1853  and  1854 
and  not  accounted  for  in  the  coinage. 

It  may  be  well  here  to  note  also  another  fact  which  I 
think  has  been  generallv  ignored  or  overlooked,  and  that 
is  the  large  amount  of  private  coinage  made  here  by  the 
old  United  States  .Assav  Office  and  other  coiners  from 
1849  1855.  whicli  was  almost  our  only  currency  on  this 
coast  during  tiiat  period.  From  the  best  information  I 
can  obtain  on  this  point  there  could  not  have  been  much 
less  than  $60,000,000  thus  coined  for  the  seven  years  em- 
braced. Much  of  this,  however,  was  exported  as  soon  as 
made,  but  there  could  not  have  been  much  less  than  $25,- 
000,000  or  $30,000,000  in  circulation  when  the  mint  here 
went  into  operation,  April  i,  1854.  It  then  disappeared 
very  rapidly,  and  I  have  eliminated  the  amount  entirely 
by  deducting  it  from  the  apparent  produce  of  the  years 
1854,  1855,  and  1856.  and  have  added  it  to  that  of  pre- 
vious years,  distributing  it  to  the  best  of  my  judgment. 
In  addition  to  this  there  should  be  added  to  the  ascer- 
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tained  produce  of  these  earlier  years  an  appreciable 
amount  for  what  was  taken  out  of  the  country  in  private 
hands.  In  consequence  of  the  high  rates  charged  by 
steamers  in  those  days  on  the  export  of  treasure  (5  per 
cent,  and  primage),  a  very  large  amount  was  thus  taken 
from  the  country.  For  several  years  the  deposits  at  the 
Eastern  mints  exceeded  by  ten  or  fifteen  millions  annually 
the  entire  exports  from  this  city,  as  shown  by  the  Custom- 
House  records.  As  every  steamer  carried  from  five  hun- 
dred to  one  thousand  passengers,  n(j  inccjusiderable  amount 
must  have  gone  abroad  in  the  same  way.  At  a  later  pe- 
riod, say  from  1862  to  1872,  more  or  less  gold  was  thus 
taken  out  of  the  country  b}'  returning  Chinese,  but  never 
to  the  extent  some  have  supposed.  Nearly  the  whole  of 
this  gold  was  obtained  from  the  establishment  of  which  1 
was  the  manager,  and  I  therefore  speak  advisedlv. 

It  may  be  well  to  explain  here  also  the  causes  of  the 
marked  decline  in  the  produce  of  California  gold  in  cer- 
tain years.  That  of  1857  was  largel}-  due  to  the  great 
excitement  and  resulting  exodus  from  our  mining  dis- 
tricts incident  to  the  Frazer  River  discoveries  in  British 
Columbia.  The  rapid  decline  which  is  noticeable  from. 
ab(nit  1863  was  due,  in  part,  to  the  two  excessively  dry 
years  of  1862-63  and  1863-64,  but  to  a  still  greater  ex- 
tent to  the  great  loss  of  mining  population  resulting  from 
the  silver  discoveries  in  Nevada — not  less  than  from  fif- 
teen to  twenty  thousand  of  our  population  leaving  for 
that  State  within  a  few  years  following  these  discoveries. 
The  increase  in  California  gold  noticeable  from  about 
1878  is  niainl}'  due  to  the  produce  of  the  Standard  and 
other  mines  in  the  Bodie  district. 

While  stating  the  produce  of  California  at  about  $1,- 
100,000,000,  my  belief  is  that  it  does  not  exceed  $1,050,- 
000,000,  if  so  much.  I  can  trace  to  this  city  at  least 
$25,000,000  of  uncoined  foreign  bullion,  principally  from 
British  Columbia,  which  has  not  been  accounted  for  by 
deposits  at  the  mint  or  re-exports.    I  personally  know 
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that  much  the  larger  portion  of  this  gold  went  into  the 
private  refinery,  and  subsequently  into  the  mint  as  "fine 
gold"  from  that  establishment.  Again,  the  directors'  re- 
ports do  not  designate  localities  at  the  mint  here  prior  to 
1862,  and  up  to  that  date  all  domestic  gold  has  been  cre- 
dited to  California.  At  the  Piiiladelphia  mint  the  first 
receipts  of  gold  from  Oregon  were  in  1853.  As  all  gold 
from  that  State  was  first  shipped  to  this  city,  doubtless 
large  amounts  went  into  the  mint  here,  and  that  which 
did  not  was  exported  East  under  the  stamp  of  some  San 
Francisco  assayer  and  there  credited  to  California.  From 
about  1864,  and  lor  a  number  ol  3  ears  subsequent  thereto, 
heavy  shipments  also  set  in  from  Idaho  and  Montana  via 
Oregon,  ranging  for  quite  a  jjeriod  from  five  to  eight  mil- 
lions per  annum.  From  1862  to  1883  nearly  $40,000,000 
of  domestic  gold  is  credited  at  the  mint  here  to  "  other 
States  and  Territories  " ;  and  as  the  private  refinery  and 
the  other  assay  offices  did  a  much  larger  business  in  the 
aggregate  than  the  mint,  it  is  fair  to  presume  that  at  least 
an  equal  amount  of  this  gold  went  into  these  establish- 
ments, and  its  identit)-  was  thus  destroyed  before  it 
reached  the  mints.  I  therefore  consider  it  a  vcr)-  low 
estimate  to  say  $25,000,000  of  this  gold  has  been  credited 
to  California  through  fine  gold  from  private  refineries  and 
assayers'  imported  bars.  This,  however,  does  not  affect 
the  accuracy  of  the  statement  so  far  as  the  aggregate  re- 
sult is  concerned,  but  only  its  distribution. 

In  the  anal3sis  I  have  been  compelled  to  make  of  the 
exports  of  uncoined  domestic  treasure,  a  suspicion  I  have 
long  entertained  has  been  fully  confirmed,  and  that  is 
that  a  very  considerable  amount  of  the  gold  contained  in 
the  produce  of  our  silver-mines  has  been  exported  under 
the  silver  valuation.  This  is  clearly  evident  from  the  fact 
that  in  quite  a  number  of  years  the  gold  so  contained,  and 
not  accounted  for  by  "  gold  parted  "  "from  silver  "  at  the 
mints  and  private  refineries,  exceeds  considerably  the  en- 
tire exports  of  uncoined  domestic  gold. 
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In  the  summary  statement  which  here  follows  it  will 
be  observed  that  1  have  stated  the  amount  of  gold  con- 
sumed in  the  arts,  lor  the  period  considered,  at  $50,000,000. 
1  am  satisfied  that  this  is  in  excess  of  the  facts.  I  have  on 
several  occasions  made  a  partial  investigation  of  this  ques- 
tion for  my  'own  information,  and  the  results  have  always 
impressed  me  with  the  idea  that  the  popular  impressions 
upon  this  subject  were  very  much  exaggerated.  Native 
gold  is  absolutely  unfitted  for  the  arts  without  refining, 
and,  with  the  exception  of  a  small  amount  of  quartz  jewel- 
ry and  a  few  curiously  shaped  specimens  of  placer  gold, 
is  not  employed  for  such  purposes  to  any  appreciable  ex- 
tent. The  amount  so  employed  is,  therefore,  almost  fuUv 
accounted  lor  by  the  deposits  at  the  various  mints,  and 
should  be  considered  with  reference  to  the  entire  stock  of 
gold  in  the  world,  and  not  confined  to  the  current  annual 
produce.  The  Director  of  the  Mint,  in  his  report  of  1879, 
gives  the  results  of  his  investigations  of  this  question,  as 
shown  by  the  operations  of  the  United  States  Assay  Of- 
fice at  New  York  for  the  seven  years  from  1873  to  1879. 
both  inclusive.  According  to  this  statement  it  would  ap- 
pear that  for  this  period  $24,780,884,  or  $3,540,000  per  an- 
num, had  been  obtained  from  this  office  for  manufactur- 
ing purposes.  By  analyzing  the  operations  of  that  iw- 
stitution,  however,  it  will  appear  that  not  much  more 
than  $1,500,000  per  annum  is  chargeable  to  the  current 
annual  produce  of  domestic  gold.  Succinctly  stated,  these 
operations  were  as  follows  : 

Gold  of  domestic  production  deposited,  $48,477,238  ; 
fine  gold  sent  to  Philadelphia  for  coinage,  $59,920,443  (ex- 
cess, $1 1,443,205 ) ;  receipts  of  foreign  gold  and  United 
States  gold  coins  for  recoinage,  $37,322,340  ;  jewellers' 
bars,  old  plate,  etc.,  $3,690,834.  By  deducting  this  latter 
sum  we  have  left  $21,090,050  as  the  amount  of  new  gold 
going  into  the  arts.  Apportioning  this  to  the  total  re- 
ceipts, we  have  $1  1,916,000,  or  $1,702,000  per  annum,  to  be 
charged  to  domestic  gold,  and  $9,174,000  to  be  charged 
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to  gold  from  other  sources.  But  for  the  same  period  the 
receipts  of  jewellers'  bars,  etc.,  at  the  Philadelphia  mint 
exceeded  all  the  fine  bars  made  by  that  institution  by 
some  $1,351,143,  or  $193,020  per  annum;  and  the  opera- 
tions of  these  two  establishments  arc  so  intimately  con- 
nected that  they  should  be  considered  together.  De- 
ducting this  excess  leaves  onl}'  $1,500,000  per  annum  to 
be  charged  against  the  current  annual  produce.  The 
business  has  greatly  increased  within  the  past  few  years, 
but  I  am  satisfied  that  the  average  of  these  seven  years  is 
considerably  above  that  of  the  whole  period  under  con- 
sideration. In  this  city,  where  the  gold  thus  employed 
is  obtained  entirely  from  the  private  refinery,  it  has  not, 
until  within  a  year  or  two  past,  exceeded  $25,000  per  an- 
num. But  it  has  now  increased  to  from  $120,000  to 
$1  50,000. 

I  should  explain,  perhaps,  that  in  the  statement  of  gold 
parted  from  silver  at  the  mints  I  have  added  to  the 
amount  as  shown  by  the  director's  summary  statement 
the  amount  credited  at  the  Carson  mint  to  "  Nevada,"  as 
nearly  the  whole  amount  so  credited  evidently  came 
from  Comstock  bullion. 

By  deducting  from  the  aggregate  deposits,  as  stated 
in  this  summary,  the  deposits  prior  to  1848  ($12,808,771) 
and  the  unpartcd  bars  made  at  the  other  assay  offices  and 
not  redeposited  at  New  York  or  Philadelphia,  we  have  as 
the  whole  amount  of  domestic  gold  deposited  at  the  mints 
and  New  York  Assay  Office  since  1848,  $1,179,824,781. 

To  wit:  From  California   $723,043,793 

"     Other  States  & 

Territories . .  171 ,482,2 1 8 
"     Parted  from  sil- 
ver bullion. .  39.584,350 
"     Private  Refine- 
ries, fine  gold  245,714,420 

 $1 , 1 79,824,78 1 
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Amount  brought  forward  $1,1 79,8 -'4  781 

Foreign  gold,  U.  S.  gold  coin,  jewellers' 

bars,  etc   351-735.237 

Total  deposits  from  all  sources  $1,531,560,018 


Total  gold  coinage  $1,264,623,632 

Uncoined  bullion  on  hand  June 

30,  1883,  estimated   65,000,000 

Mint    deposits   consumed  in 

arts   50,000,000 

Mint  deposits  to  be  accounted 

for  in  exports   151,936,386 

 $1,531,560,018 

The  operati(Mis  of  the  private  refineries  here  from  1865 
to  1883  have  amounted  to  $265,886,266,  of  which  $243,- 
597,532  was  deposited  in  the  mint  and  $22,288,734  sold  for 
export.  Of  the  whole  amount  received  $191,992,266  was 
in  gold  dust  and  bars,  and  $73,894,000  was  parted  from 
silver.    I  have  distributed  these  amounts  to  the  best  of 


my  judgment.  Making  the  resume  in  another  form,  we 
have  : 

Total  gold  coined,  as  above  $1,264,623,632 

"     uncoined  gold  exported   463,943,938 

"     uncoined  gold  on  hand  and  consumed 
in  arts   11 5,000.000 

$1,843,567,570 

Less  foreign  gold,  etc.,  as  above   35 1.735-237 

Total  produce  of  domestic  gold  $1,491,832,333 

My  estimates  as  per  statement     1,469,753,1 17 

Difference   $22,079,216 

This  difference  is  due  to  the  foreign  gold  credited  to 


domestic  sources  in  mint  reports,  through  fine  gold  from 
private  refineries,  but  which  I  have  eliminated. 

Very  truly  yours,  etc., 
[Signed]  Louis  A.  Garnett. 
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Produce  of  Gold  in  the  United  States  from  its  discovery  in  Cit/i- 
fornia,  January,  1848,  to  June  30,  1883.  Stated  in  Fiscal 
Years. 


Years. 

Gold  produced 

in  St.-»tc  ' 
of  California.  | 

Gold  pro-  ^ 
diiccd  in  other' 
Slates  and 
Territories.  | 

Total  produce 

(.old  con- 
tained in  Sil- 
ver Produce. 

1 

(Wand  Total  j 
Produce  fr  .m  ' 
all  sources.  | 

1848.... 
1849  

$245.30' 
10,151,360 

$851,274 
927.684 

$1,096,575 
1 1 .070.044 

$1,096,575 
11.07n.044  . 

10.396,661 

■  ,773.958  ' 

12^175,619^ 

I2.i;5.6u) 

1852  

i8s3  .. 
1854... 

41  273  106 

75,.)3».232 
8l,2q4,7cjO 
67,613,487 
69,433.93' 

665,217 
602,380 
712,263 
508,564 
251,627 

41,938.323 
76.540,611 

82,006,963 
68,112,051 
69. 685.558 

41,938,323 
76,540,61 2 
82,006,963 
68,122,051 
60.685.558 

335,553.456 

2,740,051 

 .333,293,507 

338.213.507 

1855  

1856.- .. 
.857  ... 
1858.... 
1859  ... 

55.485.395 
57.5°a.4i ' 
43,628,172 
46,591,140 
45.816,-99 

3"2  364 

369,031 

'43.053 

3i6,ca8 
366,957 

55,797.759 
57.873.442 
43,771,225 
46,977,  i<'8 
46,213,556 

55.797.750 
57.878,442 
43.771.225 
i6.077,l68 
46.213,556 

249,060.7.7 

■.-.77.413 

250.638, 1 50 

V5V-3S.I-0 

i860. 
1861'!. 
1862  .. 
1863... 
1864  ... 

44,093,163 
41.884,095 
38,854,668 
23.501.736 
24,071,423 

875,878 
2,811,805 
3,989,210 
7.474.808 
8,372,115 

44,971,041 
41,716.8  0 
42,843,870 
.10,976.544 
32,44  1,538 

$5c,ooo 
800,000 
2, 1 50,000 
4.350,000 
5.300,000 

 1 

45,021,041  ' 

45.516,890 

44,993.878 

35.3»6.544 

37.743.538 

'72..107,9S5 

»3^43.9"6  _ 

I95,05I,E91 

12,650.000 

208. 601.801 

,865  

1866'!'. 
1867.... 
1868... 
1869  

17,9  ^0,858 
17, 123,867 
18,265,452 
■7.555.867 
18,^29,044 

9,920,244 
12,086,941 
13,169,117 
7,942,116 
7,607,698 

27,851,102 
29,210,808 
3'.434.569 
25.497.983 
25.836,742 

5,500,000 
4,650,000 
5,700,000 
4,000,000 
3,550,000 

33.35'. '02 
33,860,808 
37,134.569 
29,497.983 
29,386,742 

;9.io-„o88 

50,726, 1 16 

139.831.204 

?3.40^.000 

163.231,204 

1870  

1871  

1872  ... 

.874.  .. 

'7,458.'33 
■7.477.885 
15,482,194 
15,019,210 
1 7.264,8  ?6 

7.907.569 
7.813,419 
6,975.843 
7,213.768 
6,863.012 

25.365.702 
25.201,304 
\  22.458,037 
1  ■.'2,332,978 
I  24,127,848 

J,  700,000 
5.500,000 
6.0'JO,ooo 
12,000.000 
1 1 . 500.000 

29,065,702 
30,791.304 
29,358,037 
34,232.978 
35.677.848 

82,702,258 

16,773,61 1 

1  110,475,869 

39,600.000 

'50,075.86o_ 

1875  ■■■ 
1876..., 

1877  ... 

1878  ... 
1879.... 

16,876,009 
■  5.610,723 
16,501,268 
18,839,141 
19,626.654 

5,572.290 
5,5'^.»72 
8,862,694 
0,755." '3 
10.421,048 

1  22,448,308 
j  21,121,995 
25.363,962 

;  28.594.354 
1  30.048,602 

1  %8oo,ooo 
18.5co.ooo 

l.S.30r',000 
19,000,000 
9.000.000 

36,248.  !08 
39.621,095 
43,663,062 
47.504.554 

87,453,795_ 

40,123,426 

1  127,577,221 

78,600,000 

206.177.a21 

1880  

1882  .. 
1883... 

20,030,761 
19,221,155 
17,146,416 
17,256,873 

9,209,033 
10,130,136 
8,468,141 
8,586,141 

1  29,239.704 
29,362,201 
25,614,557 
25,843,014 

6,coc>,ooo 
■.,000,000 
5,000,000 
4,500.000 

35.239.704 
35.362.291 
30.614,557 
30,343,014 

73,657,2''i> 

I  36,402,451 

1  iio.050,65."S 

j  21,500.000 

131,550.656 

Totals. 

1 

$1,100,337,165 

1  $193,665,952 

$1,294,003,117 

$175,750,000 

$l,4C9,753."7 
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APPENDIX  B. 

FINENESS  OF  PLACER  GOLD. 


Locality. 


Fineness. 


Alpha   

American  Hill  

Brush  Creek  

Manxanila  

French  Corral  

Badger  Hill  

Mumford  Hill  

Michigan  Bluff  

Cariboo  Diggings..  . 

Cement  Hill  Claims 
Cedar  Claim  No.  2.. 

Cherokee  Flat  


Nevada  Co. 

Plumas  Co. 
Placer  Co. 


Caflon  Creek  

Canon  Creek  

Goodyear's  Bar  

North  Yuba  

Eureka  Mines  (near  ) 

Downieville)  \ 

Mugginsville  

Fir  Cap  

Monte  Christo  

Craycroft's  

Gold  Lake  

North  Fork  of  North  | 

Yuba  f 

South  Fork  of  North  [ 

Yuba  \ 

Hog  Cai^on   

Bald  Mountain.  .   . . .  . 

Jim  Crow  Canon  

Niagara  Consolidated. 

Kelley  

French  Hill  

Light  Claim  

Chesnau  

Johnson  

Sicard  


Butte  Co. 
Sierra  Co. 


St.inislaus  Co. 


.940  to  .950 

•934 

.820 
.925  to  .930 
.930  to  .950 

.925  to  .950 

•945 
.835  to  .871 
.774  to  .800 


.800  to  .961 


.958  to  .968 

.942  to  .965 
.800 
.884 

.835  to  .890 
.920  to  .930 
.930  to  .934 

.836 
.914 

•939 
.925 

.885 
.864 
.864 
.926  to  936. 

.926 
.916  to  .gtS 
.873  to  .899 
.926  to  .954 
.tj36  to  .951 
.895  to  .945 
•935  to  .950 
•934  to  -943 


Go'd  flatttntd  ii 
scales. 


G  Id  coarse. 
Gi  Id  fine 

\  Gold  coarse  on 
(  bed-rock. 

Gold  coarse. 

j  Gold  well  rounded 

(     and  smoolli. 

1  Gold  *  from  blue 

<  and  red  gravel 
(  respectively. 

I  Gold  frum  upper 

<  gravel  somi  times 
(    reaches  .980  fine. 

Bed  of  the  creek. 


Gold  coarse  like  shot 


j  Gold  coarse, 
I  flakes. 


*  Gold  very  fine  and  scaly  on  bed-rock.  Out  of  650  diamonds  found  in  this  deposit  only 
one  had  as  great  a  value  as  $250. 


290 


AI'I'KMllX. 
hIMi.NESS  Ol-   I'l.ACKK  {.OLD—Co/t/l/llUi/. 


Mine. 

LoOAlity. 

V, 

r  ineiie!>!«. 

Remarks. 

Yuba  Co. 

.930  to  .935 

Galena  Hill     .  .  , 

.940 

.940 

.925 

Railroad  Hill 

.925 

iJepot  Hill  

.9IU 

Indian  Hill, 

.925 

Oaks  Vallev  

.890  to  .880 

Dad's  (iiild'i 

■■( 

High  Point  

.940 

.Hbo 

Pike  Citv  

•  74' ' 

Mrush  Creek  Co 

.S20 

According 

to 

King  in  ' 

U. 

S.  Geol.  Survcv   Report,  " 

Second  Annual  Report.  i8<So-8i,  p.  379,  the  fineness  ol 
specimens  ol  Calilornia  gold  as  determined  by  him  was  as 
follows : 


No.  of  Mines  examined. 

[reality. 

FinenetM. 

5 

Butte  Co. 

.900  to  .970 

I 

Calaveras  Co. 

.850  to  .960  ' 

5 

Pel  Norte  Co. 

.875  to  .950 

I 

El  Dorado  Co. 

.980 

2 

Iliiinbolcit  Co. 

.726  to  .940 

5 

Placer  Co. 

.784  to  .960 

5 

Plumas  Co. 

.846  to  .036 

1 

Shasta  Co. 

.S85 

>5 

Siskivou  Co. 

.749  to  .950 

Stanislaus  Co. 

.920 

10 

'I'rinity  Co. 

.S75  to  .927 

Total . .  .51 

.726  to  .980 

Eighty  specimens  averaged  .883.6  fine  (p.  382).  Dana's 
"Mineralogy"  says:  "California  gold  fineness  averagcis 
.875  to  .885.    Average,  .880." 


APPENDIX. 


-91 


King  places  the  average  fineness  of  gold  from  the  dif- 
ferent parts  of  the  United  States  as  follows: 


California  883.6 

Colorado  820.5 

Dakota  923  5 

Georgia  922.8 

Idaho  780.6 

Montana  895.1 

Oregon  872.7 


All  the  United  States  876 


Note. — The  larger  portion  of  this  table  was  compiled  from  Whitney's 
"  Auriferous  Gravels.  ' 


INDEX. 


Abbey,  R.,  on  yield  of  French  Hill 
Claim,  Stanislaus  Co.,  Cal.,  table  li. 

Absorption,  91,  130,  132,  138. 

Abutments  for  dams,  97. 

Abyssinia,  16. 

Aconcagua,  Chili,  27. 

Adkins,  Consul,  cited,  19. 

Africa,  i6,  17. 

Air-valves — see  Valves. 

Aji  River,  India,  17. 

Aktolik  River  and  Valley,  Siberia,  23, 
table  lii. 

Alatri,  Italy,  158. 

Alder  Gulch,  Montana,  40, 

Allison  Ranch  Mine,  Nevada  Co.,  Cal., 
48. 

Altai,  Siberia,  20,  22,  table  lii. 

Alvarez,  Expedition  to  Gulf  of  Cali- 
fornia, 42. 

Amador  Canal  Company,  Cal.,  tables 
xiii.,  XV.,  270. 

Amador  County,  Cal.,  66. 

Amalgam,  205,  249,  258,  266,  tables 
xlii.-xlvi. 

American  Hill,  Nevada  Co.,  Cal.,  49. 

American  Institute  of  Mining  Engi- 
neers, Transactions  of,  20,  70,  table 
lii. 

American  Mine,  Nevada  Co.,  Cal.,  180, 

234,  270,  table  1. 
American  River,  Cal.,  63,  65,  77,  95, 

238,  239,  268,  269 
American  Society  of  Civil  Engineers, 

Transactions  of,  iig,  120,  174,  176, 

213. 

Amgun  River,  Siberia,  25 

Amur  River,  Siberia,  20,  25,  table  lii. 


Ancient  alluvial  gold  deposits,  Most, 
33.  67. 

Ancient  river  channels — see  River 
channels. 

Angles  of  repose  and  friction  of  em- 
bankment materials,  102. 

"  Annales  des  Mines,"  70. 

Appalachian  gold-fields,  39. 

Appendix  A,  281. 

Appendix  B,  289. 

Aquileia,  Italy,  15. 

Ararat,  Australia,  31,  table  lii. 

Area  of  available  mining  ground  in 
California,  76,  77. 

Area  of  wrought-iron  pipes,  161. 

Ariege  River,  France,  16. 

Arrow,  New  Zealand,  36. 

Asia  Minor,  15. 

Asiatic  Islands,  iS. 

Asphaltum  in  California,  72. 

Asphaltum  coating  for  iron  pipes,  167. 

Atchinsk,  Siberia,  20,  24,  table  lii. 

Atrato  River,  U.  S.  of  Colombia,  29. 

Attaki,  Egypt,  16. 

Attwood,  Melville,  quoted,  203. 

Auriferous  slate  formation  in  California, 
65. 

Australasia,  30-37. 
Australia,  83,  205,  table  lii. 
Available  mining  ground  in  California, 
76,  77- 

Ayacucho,  Department  of,  Peru,  28. 
Ayakta  River,  .Siberia,  24. 

Babb  Tunnel,  Timbuctoo,  Yuba  Co., 

Cal.,  232. 
Bache,  Mt.,  Santa  Clara  Co.,  Cal.,  60. 


294 


INDEX. 


Back  Creek,  New  South  Wales,  33. 
Badger  Hill.  Nevada  Co.,  Cal.,  71,  234. 
Baikal  Lake,  Siberia,  24. 
Bald  Mountain,  Sierra  Co.,  Cal.,  84, 
table  li. 

Ballarat,  Victoria,  Australia,  31,  table 
Hi. 

Banks  of  ditches,  Slope  of,  138. 
Bar-mining,  47,  48,  51,  78,   79.  80. 
Barguzinsk,  Siberia.  20,  24. 
Barossa,  South  Australia,  34. 
Barrington,  New  South  Wales,  33. 
Basalt  overflow,  33,  34,  68. 
Baskir  District,  Siberia,  21. 
Batea,  202. 

Bath,  Placer  Co.,  Cal  ,  71. 

Bathurst  District,  New  South  Wales, 

32,  table  lii. 
Bazin,  cited,  127,  129. 
Beach-mining,  36,  78,  79. 
Bean's  Hill,  Plumas  Co.,  Cal.,  table  li. 
Bear  River,  Cal.,   77    95,  114,  140, 

239,  269. 

Bed-rock  Claim,  Nevada  Co.,  Cal., 
223. 

Bed-rock  riffles,  227. 

Bed-rock  Tunnel,  Sweetland,  Nevada 
Co  ,  Cal.,  234. 

Beechworth  District,  Victoria,  Aus- 
tralia, 31,  253,  table  lii. 

Begert,  Father,  map  of  California,  45. 

Belgaum,  India,  17. 

Bellows,  W.  H.,  flume,  150. 

Belt  of  the  Coast  Ranges  of  California, 
53-61. 

Belt  of  the  Great  Valley  of  California, 

53,  54,  62,  66. 
Belt  of  the  Sierra  Nevada  of  California, 

53.  54.  63,  64. 
Belts,  Geological,  of  California,  53. 
Bench  claims,  78. 
Benches,  Washing  in,  246. 
Bendigo,  Victoria,  Australia,  34. 
Bendigo,  New  Zealand,  36. 
Bennet  Claim,  Calaveras  Co.,  Cal., 

table  li. 


Berenice,  Egypt,  16. 

Beresowska,  Siberia,  table  lii. 

Beriozofka  Mine.  Siberia,  22. 

Betmangla,  India,  18. 

Big  Cafion  Creek,  Nevada  Co.,  CaL, 
103,  tables  v..  vi. 

Bituminous  slate  formation  in  Califor- 
nia, 39. 

Black  Hills,  Dakota,  146. 

Black  sands,  79-88. 

Blake,  W.  P  ,  cited,  16.  27. 

Bla^ting,  206-214. 

Block  riffles,  224,  234,  257,  259,  271, 

278. 
Blow-offs,  166. 
Blue  gravel,  87. 

Blue  Gravel  Mine,  Yuba  Co.,  Cal., 

232,  table  li. 
Blue  Lead  Mine,  Nevada  Co.,  Cal., 

table  li. 

Blue  Point  Mine,  Yuba  Co.,  Cal..  207, 

232.  table  1. 
Blue  Tent  Mine,  Nevada  Co.,  Cal., 

95,  table  xiii.,  2IO,  273,  table  li. 
Bogoliubsky,  cited,  21,  25. 
Bogoslofsk.  Siberia,  21,  table  lii. 
Boise  Basin,  Idaho,  39. 
Bolivia,  27. 
Bombay,  India,  17. 
Bonanza  Mine,  Gold  Run,  Placer  Co., 

Cal  ,  I  So. 
Booming,  79,  81. 
Borneo,  18. 

Boston  Tunnel,  Nevada  Co.,  Cal.,  234. 
Bouyer  Ditch,  138,  140,  table  xiii. 
Bowman,  A. ,  on  yield  of  gravel  claims 

in  Yuba  Co.,  Cal.,  table  li. 
I?owman  reservoir  and  dam,  93,  95, 

loi,  103-112,  tables  v  ,  vi. 
Box,  Distributing — see  Gates. 
Box,  Pressure — see  Pressure  box. 
Bracket  flume.  150. 
Brazil,  25,  202. 
British  Columbia,  37,  52. 
Broad  and  shallow  ditches,  137. 
Browne,  [.  Ross,  cited.  46,  66. 
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Browne,  Ross  E.,  cited,  193. 
Browne,  Mt.,  New  South  Wales,  32. 
Brown's  Bar,  El  Dorado  Co.,  Cal.,  51. 
Buccaneers'  search  for  gold,  29. 
Buckets  for  hurdy-gurdy  wheels,  194- 
198. 

Buena  Vista,  Amador  Co.,  Cal.,  270. 
Bullock-Head    Creek,     New  South 

Wales,  33. 
Burehya  River,  .Siberia,  25. 
Burke  County,  North  Carolina,  39. 
Buruma  River,  Siberia,  24. 
Butte  County,  Cal.,  49,  65,  66,  103, 

141,  142.  150,  tables  xiii.,  xv.,  172. 
Butte  Creek,  Butte  Co.,  Cal.,  23<),  269. 

Cabarrus  County,  North  Carolina,  39. 
Cabrera,  Rodriguez,  43. 
Cajon  Pass,  San  Bernardino  Co.,  Cal., 
55- 

Calaveras  County,  Cal.,  66,  table  li. 
Calaveras  River.  Cal. ,  77,  238,  270. 
California,    Availaljle    area    of  pay 

gravel,  76,  77. 
California,  Dry  season  in,  90. 
California,  Geology  and  topography  of, 

53-69. 

California,  Gold  product  of,  42. 
California.  History  of  placer-mining 

in,  42-52. 
California,  Navigable  waters  affected 

by  hydraulic  mining,  238. 
California  Mining  Company,  El  Do 

rado  Co.,  Cal.,  95,  table  xiii. 
Canianche,  Cal.iveras  Co.,  Cal  ,  270. 
Campo  Seco,  Calaveras  Co.,  Cal.,  270. 
Cana,  U.  S.  of  Colombia,  29. 
Canada,  37,  table  Hi. 
Canvas  hose,  49. 

Capital  inveNied  in  hydraulic  mines,  52. 
Caratal,  Venezuela.  28. 
Caravaya,  Peru,  27. 
Carboniferous  limestones  in  California, 
66. 

Caren,  Chili,  27. 

Cariboo,  British  Columbia,  38. 


Carpentaria,  Gulf  of,  Australia,  34. 
Cascade    Ditch,    Nevada   Co.,  Cal., 

taole  xiii. 
Cassiar,  British  Columbia,  38. 
Castilla  del  Oro,  U.  S.  of  Colombia, 

29. 

Castlemaine,  District  of,  Victoria,  Aus- 
tralia, table  Hi. 

Catchment  area,  93,  103,  105,  table  vi., 
240. 

Caving  banks,  245,  246. 

Cedar  Claim,  Nevada  Co  ,  Cal.,  271. 

Cement  deposits  and  claims,  32,  35,- 

36,  256,  257. 
Cemetery   Lead,  Victoria,  Australia, 

32 

Cervo  del  Espiritu  Santo,   U.   S.  of 

Colombia,  29. 
Ceylon,  Island  of,  18. 
Chalk  Bluff  Ditch,  Nevada  Co.,  Cal., 

140,  table  xiii. 
Chaluma  River,  Peru,  28. 
Champaran  District,  India,  18. 
Champlain  period  in  California,  80. 
Channels,  Open — see  Open  channels. 
Charging  sluices,  244. 
Charleston.  New  Zealand.  36. 
Charter's  Towers,  Queensland,  34. 
Chaudiere  River,  Canafda.  37. 
Cherokee,  Butte  Co.,  Cal.,  49,  tables 

xiii.,  XV.,  269. 
Chesnau  Claim,  Stanislaus  Co.,  Cal  , 

72,  241,  274,  tables  xliv.,  1. 
Chezy,  cited,  128,  129. 
Chia-t'i-kou  Valley,  China,  19. 
Chico  Creek,  Butte  Co.,  Cal  ,  236. 
Chile    Gukh    Mine,    Calaveras  Co.. 

Cal  ,  270. 
Chili,  26,  27. 
Chilhin,  Chili,  27. 
China,  19,  20. 

China  Ditih,  Yuba  Co.,  Cal.,  138,  140,. 

table  xiii. 
Chirimba  Valley,  Siberia,  23. 
Choco,  U.  S.  of  Colombia, '29. 
Christy,  S.  B.,  cited,  80. 
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Cinnabar  in  California,  58. 
Ciudad  Bolivar,  Venezuela,  28. 
Clark's  Ditch,  Calaveras   Co.,  Cal., 
270. 

Classification  of  gravel  deposits,  78. 

Classification  of  mines  and  mining  ex- 
penses, 279. 

Classification  of  mining  operations,  78. 

Cleaning  up,  247,  248. 

Clear  Creek,  Shasta  Co.,  Cal.,  46. 

Clear  Lake,  California,  53,  56,  58,  60. 

Clough's  Gully,  New  South  Wales,  34, 
67. 

Clutha  River,  New  Zealand,  36. 

Coal  in  California,  58 

Coal  measures,  Auriferous,  New  South 

Wales,  34,  67. 
Coal  tar,  coating  for  pipes,  167,  168. 
Coast  Ranges,  California,  Belt  of,  53- 

61. 

Coating  iron  pipes,  167,  168. 
Coefficients  of    discharge    of  water 

through  ditches,  131-134. 
Coefficients    of    discharge    of  water 

through  rectangular  orifices,  123. 
Coefficients  for  roughness,  129. 
Culoma,  EI  Dorado  Co.,  Cal  ,  46. 
Colombia  United  States  of,  29. 
Colorado  River,  45. 
Colorado,  State  of,  41,  81. 
Columbia  Hill,  Nevada  Co.,  Cal  ,  71, 

124,  234,  table  I. 
Concepcion,  U.  S.  of  Colombia,  29. 
Concow  reservoir,  Butte  Co.,  Cal., 

103. 

Cook  Bros'.  Ditch,  Calaveras  Co.,  Cal., 
270. 

Copiapo,  Chili,  26. 
Copper  veins  in  California,  61. 
Coquimbo,  Chili,  27. 
Cortez,  Conquest  of  Mexico,  31. 
Cossack  District,  Siberia,  21. 
Cost  of  dams,  103.  log,  112. 

"    ditches,  139-142,  153-156. 

"    electric  light,  246. 

"    flumes,  153-156. 


Cost  of  pipes,  169,  170. 

"    prospecting  work,  88. 
"    reservoirs,  93. 
"    sluices,  232-235. 
"    tunnels,  218,  233,  234. 
"    undercurrents,  232 
"    working,  275-277,  tables  xlii.- 
lii. 

Cosumnes  River,  Cal.,  77,  238,  270. 

Cotta.  B.  V  ,  cited,  70. 

Coy  Diggings.  Victoria,  Australia,  32. 

Coyote  Hill  Ditch.  Nevada  Co., Cal.,  47. 

Coxe,  E.  B.,  cited,  iig. 

Cradle — .>ee  Rotker. 

Craig  R.  R.,  on  discharge  pipes,  49, 

50,  180,  !8l. 
Crawford,  J.  J.,  cited,  124,  table  1. 
Crawford's   Claim,  El   Dorado  Co., 

Cal.,  table  1. 
Cretaceous  strata  in  California,  54,  58, 

59,  64,  66. 
Creviceing,  248. 

Crooked  Lake,  Nevada  Co.,  Cal.,  104. 

Crosiner,  cited,  27. 

Curves  of  flumes,  144. 

Curves  of  sluices,  218,  227-231. 

Dahlonega,  Georgia.  39. 
Dakota  Territory,  41,  146. 
Dams,  90-118,  239. 
Dams,  Wing,  48. 
Dana,  Jas.  D.,  cited,  45,  80. 
D'Arcy.  cited,  129. 

Dardanelles  and  Oro  Mine,  Placer  Co., 

Cal.,  208  209,  table  li 
Darfur,  Egypt,  17. 

Dargo  District,  Victoria,  Australia,  32. 
Darien,  Isthmus  of,  29. 
Davidson  County,  N.  Carolina,  39. 
Debris — see  Tailings. 
Debris  dams,  112-11S,  239,  240. 
DC'bris  in  streams,  238-240. 
Deep-placer  mines,  48,  78,  82. 
Deep  tunnels,  First,  in  California.  51. 
Deer  Creek  Tunnel,  Yuba  Co.,  Cal.. 
I  232- 
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Deer  Lodge  County,  Montana,  40. 

Deflector,  50,  183,  184. 

Delaney  Claim,  Stanislaus  Co.,  Cal., 

228,  265,  table  1. 
Depressions,  Rich  pay  in,  72 
Derricks,  185. 

Devonian  deposits  in  Canada,  37. 
Dharwar,  India,  17. 
Diablo,  Mount,  Cal.,  56,  58,  59,  60. 
Dibulla  River.  U.  S.  of  Colombia,  29. 
Dictator,  Hoskins',  50,  182. 
Diodorus,  cited,  16. 
Discharge  pipe — see  Nozzle. 
Discovery  of  gold  in    California  by 

Marshall,  46. 
Distributing  box — see  Gate. 
Distributing  pipe,  158. 
Distributing  reservoirs,  93. 
Distribution  of  gold  in  gravel  deposits, 

68-75. 

Distribution  of  gold  in  sluices,  232, 

252-259,  260-262. 
Ditches,  47,  130,  135-157,  table  xiii. 
Ditin,  Siberia,  table  lii. 
Diubkosh  Valley,  Siberia,  table  lii. 
Dogtown,  Calaveras  Co  ,  Cal.,  270. 
Doiia  Ana  County,  New  Mexico,  40. 
Donner  Pass,  Nevada  Co.,  Cal.,  64. 
Dormentez,  Castillo,  43. 
Dougherty  Ditch,  Calaveras  Co.,  Cal., 

270. 

Douro  River,  Portugal,  16. 

Downieville,  Sierra  Co  ,  Cal.,  47. 

Drainage  of  the  Great  Valley  of  Cali- 
fornia, 62. 

Drake,  .Sir  Francis,  43. 

Dredging  machines,  36. 

Driffield  River,  South  Australia,  35. 

Drift-mines,  5r,  71,  72,  78,  82-84. 

Drifts,  Prospect.  83,  87,  88.  • 

Drybread  Diggings,  New  Zealand,  36. 

Dry  Creek — see  Table  Mountain  Creek. 

Dry  Creek,  Amador  Co.,  Cal.,  270. 

Dry  Creek  No  2,  Cal.,  239,  269. 

Dry  Creek  Claim,  Shasta  Co.,  Cal., 
table  li. 


Dry  season  in  California,  qo. 

Dry-stone  dams,  loi,  103. 

Dry-washing,  79 

Dump,  86,  240-243. 

Dutch   Flat,    Placer  Co.,  Cal.,  140, 

table  xiii  ,  239,  268,  271. 
Duty  of  the  miner's  inch,  268-274, 

277,  278,  tables  xl.-xlvi. 

Earthen  dams.  99. 

Earthenware  pipes,  159. 

Echunga  District,  South  Australia,  35. 

Eckart,  W.  R.,  cited,  122. 

Egypt,  16,  17. 

Eight-Mile  Diggings,  New  South 
Wales,  33. 

Eisenbeck  Claim,  Nevada  Co.,  Cal., 
263,  264. 

Ekaterinburg  Siberia,  2i. 

Elbows  for  pipes,  165. 

El  Dorado  Company's  Ditch,  El  Do- 
rado Co.,  Cal  ,  138,  table  xiii. 

El  Dorado  County,  Cal.,  63,  124, 
tables  1.,  li. 

El  Dorado  Reservoir,  El  Dorado  Co., 
Cal.,  95. 

Electricity,  Firing  by,  213,  214. 

Electric  light,  246. 

Elevator,  Hydraulic,  36. 

Embankment  materials  and  slope,  102. 

Empire  Claim,  Nevada  Co.,  Cal., 
table  li. 

Empire  Hill,  Yuba  Co.,  Cal.,  table  li. 
Empire  Mill,  Nevada  Co.,  Cal.,  190. 
Empire  Reservoir,  NevadaCo.,Cal.,94. 
England,  92. 

English  Dam  and  Reservoir,  Nevada 

Co.,  Cal.,  93,  95,  loi. 
English  Tunnel,  Badger  Hill,  Nevada 

Co.,  Cal.,  234. 
Enterprise  Mine,  Nevada  Co.,  Cal., 

208,  234,  table  li. 
Erosion  of  material  in  running  water, 

236,  272. 
Ethiopia,  16. 

Eucumbene  River,  N.  South  Wales,  33. 


298 


iM)i;x. 


Eureka  Lake  and  Yuba  Canal  Com- 
pany, 77,  93,  95,  133,  138,  139,  table 
xiii.,  234. 

Euxine  Sea,  Russia,  15. 

E-vaporalion,  91,  135,  143. 

Excavating  ditches,  137,  154-156. 

Excelsior  Ditch,  Yuba  Co.,  Cal.,  138, 
140. 

Excelsior  Reservoir,  Yuba  Co.,  Cal.,  94. 
Explosives,  154,  210,  213,  233,  234, 
table  xliii. 

Fale's  Hill,  Plumas  Co.,  Cal.,  table  1. 

Fall  Creek  Reservoir  and  Dam,  Ne- 
vada Co.,  Cal.,  104. 

Fanning,  J.  T..  cited,  g6,  100,  102, 
119. 

Farrell  Tunnel,  Columbia  Hill,  Ne- 
vada Co.,  Cal.,  2;j4. 

Faucherie  Reservoir  and  Dam,  Nevada 
Co.,  Cal.,  93,  95,  104. 

Feather  River,  Cal.,  47,  63,  77,  95, 
238,  239,  269. 

Feed  pipe,  158,  178-180. 

Fifteen-Mile  Diggings,  New  South 
Wales,  33. 

Filling  pipes,  168,  178. 

Fineness  of  gold  from  California  mines, 
289-291. 

Firing  of  mines,  213,  214. 

Fisher's  Hydraulic  Chief  or  Knuckle- 
joint,  50,  iSl. 

Flat  deposits,  78. 

Flow  of  water  in  o^en  channels,  119, 
127-130. 

F"low  of  water  through  circular  pipes, 

174-176. 
Floyd  County,  Virginia,  39. 
Flumes,  135-157,  218. 
Fomiha  River,  Siberia,  22 
Forbes,  James  Alexander,  45. 
Forbes,  J.  R.,  cited,  205. 
Fordyce  Reservoir  and  Dam,  Nevada 

Co.,  Cal.,  95,  loi. 
Forest  Hill,  Placer  Co.,  Cal.,  51,  71, 

208,  table  li. 


Formosa,  Island  of,  l.S. 

Formula  for  discharge  of  water  over 
weirs,  120. 

Formula  for  flow  of  «.iter  111  canal, 
Kutter's,  129. 

Formula  for  flow  of  water  through  cir- 
cular pipes,  178. 

Formula  for  flow  of  water  through 
ditches  in  California,  133. 

Formula  for  thickness  of  iron  for  pipes, 
table  XV. 

Formula  for  velocity  of  hurdy-gurdy 

wheels,  195,  196. 
Fort  Hall,  Idaho,  40. 
Fort  Tejon,  Kem  Co.,  Cat.,  53,  55, 

59.  f>'- 

Fossils  and  fossil  wood  in  California, 
67. 

P'oster,  C.  Le  Neve,  cited,  28. 

Foundation  for  dams,  94. 

France,  16,  92. 

P'rancis,  J.  H.,  cited,  1 19. 

Franklin  Mine,  Nevada  Co.,  Cal.,  271. 

Frazer  River,  British  Columbia,  38,  52. 

Fredenburr  wheel,  191. 

French  Corral,  Nevada  Co.,  Cal.,  table 

XV.,  190,  226,  232,  233,  234,  2ff)- 

258,  261,  264,  tables  1.,  li. 
French  Hill,  Stanislaus  Co.,  Cal.,  72, 

242,  274,  tables  xlii.,  I.,  li. 
French  Reservoir,  Nevada  Co.,  Cal.,  93. 
Fiesno  County,  Cal.,  65. 
Friction  of    embankment  materials, 

102, 

Fteley  and  Stearns,  cited,  119,  I20. 

Gabriel  Gully,  New  Zealand.  36. 
(Jalc,  J.  M.,  cited,  table  xxii. 
Gardner's   Point,   Plumas  Co.,  Cal., 

252,  267,  table  li. 
Garhwal  River,  India,  18. 
Garnelt,  Louis  A.,  281-287. 
(iates  for  pipes,  158,  178. 
Gates,  Waste,  for  ditches,  133.  136. 
Gates,  Waste,  for  flumes,  [45,  154. 
Gauge  for  reservoirs,  92. 
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Gavilan  Mountains,  Cal.,  56,  60. 

Geerts,  Dr.,  cited,  19. 

Geological  formation  at  La  Grange, 

Stanislaus  Co.,  Cal.,  68. 
Geology  of  California,  53—69. 
Georgia,  State  of,  39. 
Giant,  Hydraulic  and  Little,  50,  182, 

183. 

Gilbert  River,  Canada,  37. 
Glacial  drifts  containing  gold,  37. 
Glacial  period  in  California,  80. 
Glen  Keatson  Ditch,  Butte  Co.,  Cal., 
142. 

Globe  Monitor,  50,  180,  181. 
Gloucester,  New  South  Wales,  33. 
Gmelin,  cited,  20. 
Gobi,  China,  18, 
Godfrey,  J.  H.,  cited,  20. 
Gold  distribution  in  gravel  deposits, 
70-75- 

Gold  distribution  in  sluices,  232,  252, 

259,  260-262. 
Gold,  Fineness  of,  289-291. 

"     Loss  of,  263-267. 

"     pan,  202. 

"     product — ie.^  Product  of  gold. 
"     quartz  in  veins  in  California,  48, 
61,  65. 

Gold  Bluff,  Klamath  Co.,  Cal.,  48,  79. 
Gold  Creek,  Montana,  40. 
Gold  Lake,  Sierra  Co.,  Cal.,  47. 
Gold  Run,  Placer  Co.,  Cal.,  208,  271, 

273,  table  1. 
Gomez,  Admiral,  43. 
Goochland  ("ounty,  Virginia,  39. 
Goodyear,  W.  A.,  cited,  table  li. 
Goose  Neck,  50,  180. 
Gopher  liill,  Nevada  Co.,  Cal. ,  table  li. 
Gorbilka  River,  Siberia,  24. 
Grades  of  ditches,  137-142,  156,  table 

xiii. 

Grades  of  flumes,  143,  table  xiii. 
Grades  of  Sacramento  and  San  Joaquin 

Rivers,  62. 
Grades  of  sluices,  218,  227-231,  259, 

266,  274,  277,  278,  tables  xlii.-xlix. 


Grades  of  tunnels,  232,  234. 
Granite  in  California,  54,  56,  57,  60, 
64,  65. 

Grant  County,  New  Mexico,  40. 
Grass  Flat,  Plumas  Co.,  Cal.,  218. 
Grass-roots,  Gold  in  the,  71. 
Grass  Valley,  Nevada  Co.,  Cal.,  igl. 
Gravel,  Minimum  pay  in,  76. 
Great  Belts  of  California,  53. 
Great  Pit  River,  Siberia,  23. 
Great  qu.irtz  vein  of  California,  65. 
Great  Valley  of  California,  53,  54,62,66. 
Great  Western   .Mine,  Victoria,  Aus- 
tralia, 31. 

Green  Flat,  Plumas  Co.,  Cal.,  table  1. 
Green  Mountains,  New  England,  39. 
Griffis,  cited,  20. 
Grimm,  J.,  cited,  70. 
Grizzly  Hill,  Nevada  Co.,  Cal.,  71. 
Ground  sluices,  247. 
Ground-sluicing,  32,  33,  35,  37,  79,  81. 
Guasco,  Chili,  27. 

Guayana,  Stale  of.  South  America,  28. 
Guilford  County,  North  Carolina,  39. 
Guinea,  Africa,  17. 
Gulch  diggings,  51,  78. 
Gulf  of  Carpentaria,  Australia,  34. 
Gympie  District,  Queensland,  .\ustra- 
lia,  34. 

Hagen,  cited,  129. 

Hague,  J.  D.,  cited,  20,  77,  93,  table 

xiii.,  234,  table  li. 
Hakluyt's  account  of  the  voyage  of 

Sir  Francis  Drake,  43, 
Hala  Mountains,  China,  19. 
Hall,  W.  H. — see  State  Engineer. 
Harcourt,  Vernon,  cited,  92. 
Harrimau  and  Taylor  Mines,  I'iacei 

Co  ,  Cal.,  208. 
Hartt,  C.  F.,  cited,  26,  70. 
Hauraki  Gulf,  New  Zealand,  36. 
Hays,  Sir  Hector,  cited,  20. 
Hedwick's  Claim,  Calaveras  Co.,  Cal., 

table  li. 
Help-,  cited,  30. 
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Hendel,  Chas.,  on  yield  of  certain 
gravel  deposits  at  La  Porte.  Plumas 
Co.,  Cal.,  table  li. 

Hendricks  Ditch,  Butte  Co.,  Cal.,  138, 
141,  table  xiii. 

Herodotus,  cited,  15,  17. 

Higham,  Thos.,  cited,  inj. 

Hill  Claims,  78. 

Hill  Top  Mine,  Calaveras  Co.,  Cal., 
77.  270. 

History  of  gold-washing,  15-41. 
History  of  placer-mining  in  California, 

42-52. 
Hiuen-thsang,  cited,  18. 
Holt,  H.  F.,  cited,  19. 
HopootS,  China,  19. 
Hose,  Canvas  and  rawhide,  49. 
Hoskins,  R.,  on  discharge  pipes,  50, 

182,  184. 
Huanca-huanca  River,  Peru,  28. 
Humboldt,  Alexander  von,  cited,  18,25. 
—  Humbug  Cai^on,  Nevada  Co.,  Cal., 

234. 

Humphreys  and  Abbot,  cited,  llg, 

127,  128. 
Hu-Nan,  Province  of,  China,  19. 
Hunt,  T.  Sterry.  cited,  88. 
Hurdy-gurdy  wheels,  185-202. 
Hydraulic  Chief  or  Knuckle-joint,  50, 
%8i. 

Hydraulic  elevator,  36. 
Hydraulic  Giant  183. 
Hydraulicking — see  IVashing. 
Hydraulic  mining,  definition,  84. 
Hydraulic  mining  versus  drift-mining, 
84. 

Iburi,  Province  of,  Japan,  table  lii. 
Idaho  Mine,  Nevada  Co.,  Cal.,  190. 
Idaho  Territory,  39,  52,  81. 
Ignition,  Simultaneous,  of  mines,  222. 
Impact  wheels — see  Hurdy-gurdy. 
Inch,  Miner's,  121-134,  268-274. 
India,  17,  94. 

Indiana  Hill,  Placer  Co.,  Cal.,  71, 
table  li. 


^  Indian  Archipelago,  18. 
Indications  of  gold  in  gravel,  87. 
Inverted  siphons — see  Sip/ion. 
Investigation,  Preliminary,  87-89. 
Iowa  Hill,  Placer  Co.,  Cal.,  76. 
Irish  Hill  Mine,  AmadorCo.,  Cal ,  270. 
Irkutsk,  Siberia,  20,  24. 
Iron  pipe,  49,  158-176. 
Island  Lake  Dam  and  Reservoir,  Ne- 
vada Co.,  Cal.,  95,  104. 
Italy,  15,  158. 

Jack's  Hill  Claim,  Plumas  Co.,  Cal., 
table  li. 

Jackson,  L.  D'A.,  cited,  119. 

Jackson  Creek,  Amador  Co.,  Cal.,  270. 

Jack  on  Lake,  Dam  and  Reservoir, 
Nevada  Co.,  Cal.,  95,  J04. 

Jacobs,  cited,  16,  18,  20. 

Jamestown,  Tuolumne  Co.,  Ca!.,  51. 
I  Japan,  19,  table  lii. 

Japan,  Sea  of,  25. 

Jaragua,  Brazil,  70. 

Jasper  rocks  in  California,  57,  58,  61. 

Jassin  River,  Italy,  16. 

Jerne<,^an,  J.  L.,  cited,  tables  xlii.,  1. 

Jesuits  in  California,  44. 

Johnson  Claim,  Patricksville,  Stanis- 
laus Co.,  Cal.,  tables  xlv.,  1. 

Johnson's  Ditch,  Amador  Co.,  Cal., 
270. 

Johnston  Claim,  Calaveras  Co.,  Cal., 
table  li. 

Joints  of  iron  pipes,  tablt  xiii.,  163- 
165. 

Jordan  Ditch,  270.  • 
'  Juniper  Mine,  270. 
Jurassic  strata  in  California.  5^,  64,  68. 

Kaladgi  District,  India,  17. 
Kalami  River,  Siberia,  23,  tabl*  lii. 
Kansas   Claim,    Nevada   Co.,  C«l~ 
table  li. 

Kansk,  Siberia,  20,  24,  table  lii. 
Kashgar  District,  Siberia,  21. 
Kattywar  District,  India,  17. 
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Kawarau  River,  New  Zealand,  36. 
Kelly  Claim,  La  (irange,  Stanislaus 

Co.,  Cal  ,  242,  274,  table  1. 
Kern  Co.,  51. 
Kern  I.akc,  Cal.,  53,  56. 
Ke  n  River,  Cal.,  64,  66. 
Kettles.  .Amalgam,  205. 
Kiandra  District,  New  South  Wales, 

33- 

King's  River,  Cal  ,  64. 

Kinsha-Kiang  Kiver,  China,  ig. 

Kirkwood,  J.  P.,  cited,  table  xxii. 

Kirwin,  China,  ig. 

Ki/,il-togoi,  Turkistan,  22. 

Klamath  River,  Cal  ,  47,  66,  79,  238. 

Knight's  Ferry,  Cal.,  270. 

Knight  Whetl.  igi,  lg2. 

Koh  River,  India,  18. 

Kurdofan,  Egypt,  17. 

Kudo  District,  Japan,  table  Hi. 

Kuen-Lun  Mountains,  China,  18,  19. 

Kumaun  River,  India,  18. 

Kutter,  W.  R.,  cited,  119,  129,  130. 

Kuznetsof,  cited,  22. 

Kwei-(-how,  China,  19. 

Lachlan  District,  New  South  Wales, 
32,  table  Hi. 

La  Grange,  Stanislaus  Co.,  Cal.,  68, 
75,  124,  125,  132,  138,  144,  table 
xiii.,  168,  177,  223,  226,  229,  241, 
263,  270,  274,  276,  277,  tables  xlii.- 
xlvi.,  1.,  li. 

La  Ligua,  Chili,  27. 

Lancha  Plana,  Calaveras  Co.,  Cal., 
270. 

La  Porte,  Plumas  Co.,  Cal.,  table  li. 
Larkin,  Thos.  O.,  cited,  45. 
Las  Casas,  cited,  30. 
Lassen's  Peak,  Lassen  Co.,  Cal.,  63, 
66. 

Lava  overflow,  33,  34.  41,  65,  66,  67, 
68. 

Lead  joints  for  pipes,  163. 

Le  Conte,  Prof.  Jos.,  cited,  271. 

Leech  River,  British  Columbia,  38. 


Lena,  Basin  of  the,  Siberia,  20,  24. 

Lewis  and  Clarke  Co.,  Montana.  40. 

Leydenburg  District,  Africa,  17. 

Life  of  blocks,  225. 

Light  Claim,  La  Grange,  Stanislaus 
Co.,  Cal.,  74,  274,  277,  tables  1.,  li. 

Light  Claim,  Patricksville,  Stanislaus 
Co.,  Cal.,  72,  74,  242,  277.  table  xliii. 

Light  for  hydraulic  claims,  246. 

Limestones,  Carboniferous,  in  Califor- 
nia, 66. 

Little  Giant,  50,  182. 

Little  York  Company,  Placer  Co.,  Cal., 
114. 

Livermore  Valley,  Alameda  (  o.,  Cal., 
60. 

Lock,  A.  G.,  cited,  iq,  20,  30,  38,  table 
Hi. 

Logan,  W.  E.,  cited,  table  Hi. 

Longitudinal  riffles,  227. 

Long  Tom,  47,  204. 

Los  Angeles,  Cal.,  4; ,  57,  59,  60. 

Less  of  gold,  263-267. 

Loss  of  quicksilver,  244,  263—267. 

Lou-tsze-Kiang  River,  China,  19. 

Lower  California,  42,  44. 

Lumber  for  flumes,  149,  150,  1 53-157. 

Lydia,  Asia  Minor,  15. 

Macy,  C.  F.,  50.  « 

Madison  County,  Montana,  40. 

Madras,  India,  17. 

Magnetic  iron  sands,  79,  88. 

Mahratta,  Province  of,  India,  17. 

Malabar,  India,  17. 

Malakoff.  Nevada  Co.,  Cal.,  73.  SS,  3g, 

table  XV.,  1 7g,  246. 
Malineca,  U.  S.  of  Colombia,  29. 
Maneero,  New  South  Wales,  33. 
Manzanita  Mine,  Sweetland,  Nevada 

Co.,  Cal.,  180,  211,  226,  234,  256, 

258,  260,  264,  table  1. 
Maori  bottom,  New  Zealand,  36. 
Maradabad  District,  India,  18. 
Marco  Polo,  quoted,  19. 
Marengo,  Queensland.  34. 
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Marine  formations,  California,  65,  66. 
Mariposa  County,  Gal.,  47.  64,  65,  66. 
Marlow  Reservoir,  Nevada  Co.,  Cal., 
94- 

Marshall  discovers  gol<l  in  California, 
46. 

Marsinsk,  Siberia,  table  lii. 
.Maryborough  District.  Victoria,  .\us- 

tralia,  table  lii. 
Masoiir)'  dains,  97. 

Mattison,  E.  E.,  fir>t  uses  the  hydraulic 

method,  48. 
Ma«e,  John,  on  Brazil.  70,  71. 
McCarty's  Claim,  Nevada  t  o.,  (  al., 

table  1. 

McDoran's  Claim,  I'luma--  CO.,  Cal., 
table  li. 

SicDowell  County,  North  Carolina,  39. 
McCillivray,  Jos.,  49,  51,  table  li. 
Meadow  Lake  Uam  and  Reservoir, 

Nevada  Co.,  t'al.,  95,  104. 
Meagher  County,  Montana.  40. 
Measurement  of  snowfall — see  Siioiu- 

fall. 

Measurement  of  water — see  Water, 
Mechanical  appliances.  Various,  185- 
205. 

Mecklenburg  (bounty,  North  Carolina. 
39 

MendcU,  Lieut. -Col.  Cieo.  IL,  cited, 
77,  113,  114,  118,  211,  i!39,  240, 
268,  276. 

Mendocino,  Cape,  43,  59,  79. 

Mendoza,  Viceroy,  43. 

.Merced  River,  Cal.,  64,  236,  23s. 

Mercury — see  Quicksihcr. 

Messerer,  Jos.,  cited,  276,  table  I. 

Metaraorphism  of  rocks  in  California, 
54.  57- 

Methods  of  mining  gold  placers,  78-86. 
Mexico,  30. 

Miask  District,  Siberia,  21,  72,  table 
lii. 

Middle    Lake    Dam   and  Reservoir, 

Nevada  Co  ,  Cal.,  95,  104. 
-Miller's  Flat,  New  Zealand,  36. 


Milton  Mining  Company,  Nevada  Co. 
Cal.,  93.  94,  95,  101,  104.  124.  131, 

132.  133.  134.  138.  139.  «46.  153-156. 
table  xiii.,  180,  211,  234. 
Mina  Real,  Cana,  U.  .S.  of  (  olombia, 

.Miner's  ditch,  table  xiii. 

Miner's  inch,  121-134,  268-274,  277, 

278,  tables  xlii.-xlvi. 
.Minimum  pay  yield  of  gravel,  76. 
.Mining  method>    see  Methods. 
Minusinsk,  Siberia,  20,  24,  table  lii. 
.Miocene  Mining  Company.  Butte  (^o., 

Cal.,  142,  150.  151. 
Miocene  strata  in  t  alifornia,  5S,  59,  60, 

61. 

Mission  in  Lower  California,  First, 44, 
Mi.ssion  in  Upper  California,  First,  44, 
Mitchell  River,  Victoria.  Australia,  3a. 
Mocupia  Valley,  Venezuela,  28. 
Mojave  Desert,  San  Bernardino  Co., 
Cal.,  60. 

Mokelumne  Ilill,  Calaveras  Co.,  I  al  , 
270. 

.Mokelumne  River,  Ca].,  77,  115,  li8, 
23S,  239,  240,  268,  269,  270,  276. 

Molyneux  River,  New  Zealand,  36. 

Monitor,  (ilobe,  50,  I.So,  181. 

Monitor  Hydraulic  .Machine,  183,  184. 

.Montana  Terriloiy,  40,  8j. 

Monte  Rcy,  Count  de,  43. 

Monterey,  Town  of,  Monterey  Co., 
Cal.,  45- 

.Monterey  Bay,  Cal.,  44,  56,  57. 

Monterey  District,  Cal.,  44,  45. 

Montgomery  County,  Virginia,  39. 

Montreal  placers,  New  South  Wales, 
32- 

Mooney's  Flat,  Yuba  Co.,  Cal.,  232. 
Moore,  Joseph,  cited,  170. 
Moore's  P'lat  pipe,  .Nevada  Co.,  Cal., 
table  XV. 
I  Mother-lode  of  California,  65. 
:  Mudgee  District,  New  South  Wales, 
32. 

'  Munroe,  IL  S.,  cited,  20,  70,  table  lii. 
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Murtliison,  Sir  Roderick,  cited,  70,  71. 
Murojiiaia  River,  Siberia,  23,  table  Hi. 
Murray  &  Dougherty's  Ditch,  Calave- 
ras Co.,  Ca!.,  270. 
Musa  Valley,  Japan,  19,  table  lii. 
Mysore,  India,  18. 

Naginah,  India,  iS. 
Nagler  Claim,  El  Dorado  Co.,  Cal., 
table  li. 

Narrow  and  deep  ditches,  137. 

Nascby,  New  Zealand,  36. 

Navigable  waters  of  California  affected 

by  hydraulic  mining.  238. 
Nebraska  Claim,  Nevada  Co.,  Cal., 

table  li. 

NeLson  District,  New  Zealand,  35. 
Nepal,  India,  18. 

Nerchinsk,  Siljeria,  20,  35,  table  lii. 
Nevada  County,  Cal.,  48,  49,  50,  63, 

7>.  72,  73,  93.  1-4.  145.  160,  204. 

207,  208,  210,  211,  223,  226,  234, 

258,  271,  tables  I.,  li. 
Nevada,  State  of,  160,  172. 
New  Almaden,  Santa  Clara  Co. ,  Cal. , 

174. 

New  Chum  Hill  Diggings,  New  South 
Wales,  33. 

Newchwang,  China,  19. 

New  Claim,  Patricksville,  .Stanislaus 
Co.,  Cal.,  table  1. 

New  England,  39. 

New  Hampshire,  State  of,  39. 

New  Kelly  Claim,  Stanislaus  Co.,  Cal., 
6g,  265,  table  1. 

New  Light  Claim,  Patricksville,  Stanis- 
laus Co.,  Cal,  table  1. 

New  Mexico,  40. 

New  South  Wales,  30,  32,  67,  70,  table 
lii. 

New  Westminster,  British  Columbia,3S. 
New  Zealand,  35, 

Nijneudiiisk,  Siberia,  20,  24,  table  lii. 
Nile  Valley,  Egypt,  16. 
Nine-Mile  Diggings,  New  South  Wales, 
33- 


Noiba  Rrver,  Siberia,  22. 

North  Bloomficld,  Nevada  Co.,  Cal., 
73,  86,  83,  89,  93,  94,  95,  103,  104, 
table;  v.,  vi.,  124,  126,  131,  132,  134, 
13S,  i  ;5,  153.  tables  xiii.,  xv.,  i6g. 
174,  177,  table  xxii.,  179,  185,  221, 
226,  227,  figs.  67-69,  234,  244,  246, 
252,  253,  263,  264,  274,  276,  278, 
table  1. 

North  Carolina,  State  of.  39. 

Notch,  Triangular,  Discharge  of  water 

through,  120,  122. 
Notre  Dame  Mountains,  Canada.  37. 
IJova  Scotia,  37. 
Nozzles,  jg,  158-184,  iS.j,  igc. 
Nubia,  16 

Nuggety  Gully,  Victoria,  Australia, 
32. 

Nunez,  Alvarez,  Expedition  to  Gulf  of 
California,  42. 

Ogilvy's  "  America,"  45. 
Ogne  Valley,  Siberia,  tableTii. 
Okhotsk  Sea,  25. 

Oldest  alluvial  gold  deposits  known, 
33,  67. 

Olekma  River,  Siberia,  24. 

Olekminsk,  Siberia,  20,  24,  table  lii. 

Olizal,  Monterey  District,  45. 

Ollonokon  River,  Siberia,  24. 

Omega  and  Blue  Tent  Reservoirs,  Ne- 
vada Co.,  Cal.,  95 

Open  channels.  Flow  of  water  in,  119, 
127. 

Opening  a  claim,  217. 
Oreo  River,  Italy,  16. 
Oregon,  State  of,  45,  66,  79. 
Oregon  Gulch  Ditch,  Trinity  Co  ,  Cal., 
142. 

Orenburg  District,  Siberia,  table  lii. 
Orifices,  Discharge  of  water  through, 

119-123. 
Orinoco  River,  Venezuela,  29. 
Osborne's  Flat,  Victoria,  Australia,  73. 
Oshima  Province,  Japan,  lable  lii. 
Otago  District,  New  Zealand,  35. 
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Pactolus  Mine,  Timbuctoo,  Yuba  Co. , 
Cal.,  232,  table  li. 

Pactolus  River,  15. 

Palmas,  Cape,  Liberia,  Africa,  17. 

Palo  Escrito  Hills,  Cal.,  56. 

Pampluna  Province,  U.  S.  of  Colom- 
bia, ig. 

Pan,  The  gold  or  miner's,  202. 
Paraxon  Mine,  Placer  Co.,  Cal..  208, 

227,  tabic  li. 
Parina  ocha^  Province,  Peru,  28. 
Park  Canal  and  Mining  Company's 

Ditch  table  Xiii. 
Park  Canal  and   Mining  Company's 

Inch,  124. 
Patricksville,  Stani-laus  Co.,  Cal.,  72, 

73.  74.  132.  228,  241,  270,  tables 

xliii  -xlvi.,  1. 
Pay  gravel,  Minimum  yield,  76. 
Pay.son,  Lieut.  A.  W.,  cited,  270. 
Paz  Soldan,  cited,  28. 
Peac  :  River,  British  Columbia,  38. 
Pearce  City,  Idaho,  39. 
Peel  District,  new  South  Wales,  32 

t..ble  lii. 

Pelton  wheel,  igi-193,  198-202. 
Penc  .en^a  River,  Siberia,  24. 
Percolation,  92. 

Perkins,  li.  C,  cited,  50,  183,  tables 
L.  li. 

Perm  District,  Siberia,  table  lii. 
Peru,  27. 

Peschanka  Mine,  Ural  Mountains,  21. 

Petorca,  Chili,  27. 

Petroleum  in  California,  59. 

Pettee,  W.  H  ,  cited,  75,  tables  1.,  li. 

Philippine  I^lands,  18. 

Philippsburg,  on  the  Rhine,  16. 

Plirygia,  15. 

Piede  Cuesta  Mine,  U.  S.  of  Colom- 
bia, 29. 

Piety  Hill    Mine,  Shasta  Co  ,  Cal., 

table  li. 
Piling  for  dams,  96. 
Pillarcitos  Dam  and   Reservoir,  San 

Mateo  Co.,  Cal.,  99,  104. 


Pine  Grove  Reservoir,  95. 
Pioneer  Mine,  Plumas  Co.,  Cal.,  2x8. 
Pioneer    Tunnel,    Sierra  Co..  Cal., 
table  li. 

Pipe,  49,  158-184.  tables  xlii.-xlvi. 

Piquituirin  River,  Peru,  28. 

Pittsburg  Mine,  Sucker  Flat,  Yuba  Co., 

Cal.,  232.  table  li. 
Placer  Count\ ,  Cal.,  51,  63,  71,  75,  76, 

83,  84,  227,  table  1. 
Placerville,  Placer  Co.,  Cal.,  33. 
Platinum  in  beach  sands,  79. 
Pliny,  cited,  16,  82. 
Pliocene  gravels  in  California,  54,  60, 

67. 

Pliocene  gravels  in  South  Australia, 
31- 

Pliocene  gravels  in  Victoria,  Australia, 
31.  32- 

Plumas  County,  Cal  ,  63,  65,  66,  83, 

218,  tables  1.,  li. 
Po  River,  Italy,  16. 
Podkamenny  Tungiisska  River,  Siberia, 

22. 

Polar  Star  Mine,  Placer  Co.,  Cal.,  71, 

75,  179,  239,  271,  table  li. 
Pond  Mine,  Placer  Co.,  Cal  ,  table  li. 
Post-pliocene  in  California,  68. 
Post-tertiary  in  California,  64. 
Powderf  Blasting,  210,  212,  233,  234, 

278. 

Preliminary  work  in  mining,  87-89. 
Prescott,  W.  H.,  cited,  30. 
Preservation  of  iron  i>ipes,  167. 
Pressure  on  pipes,  table  xv.,  174,  tables 

xlii.-xlvi. 
Pressure  box,  176.  177. 
Product  of  gold  : 
Africa,  17. 

Amur  basin,  Siberia,  35. 
Bolivia,  27. 
Brazil,  26. 

British  Columbia,  38. 
California,  42,  26?'. 
Caratal  Mines,  Venezuela,  38. 
Chili,  27. 
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Product  of  gold — tontinued  : 
Idaho,  39 
Japan,  20. 
Montana,  40. 
New  Granada,  30. 
New  South  Wales,  32. 
Peru,  27,  28. 
Russia,  21. 

Savaglikon  Mines,  Siberia,  23. 
Verkneudinsk  District,  Siberia,  24. 
Victoria,  Australia,  30. 
Prospect  drifts,  83,  87,  88. 

shafts,  87,  88,  89. 
"      tunnels,  83. 
Prospecting,  Cost  at  North  Uloomfield, 
88. 

Puddle,  96,  100. 

Puddling  box,  205. 

Pumpelly,  R.,  cited,  18,  19,  table  Hi. 

Punjab,  India,  18. 

Puno,  Depaitmont  of,  Peru,  28. 

Punta  de  los  Reyes,  (  al.,  44. 

Purus  River,  Peru,  28. 

Pyrenees  Mountains,  16. 

Quaker  Hill,   Placer   Co.,  Cal.,  75, 
table  li. 

Quartz  veins,  (idld,  in  California,  48, 
61.  65. 

Quebec,    Province   of,    Canada,  37, 
table  Hi. 

Queen  Ch.Trlotte  Sound,  New  Zealand, 
37- 

Queensland,  Australia,  30,  34. 
Queenstown,  New  Zealand,  36. 
Quicksilver,  Amount  used  in  charging 

sluices,  244,  266. 
Quicksilver,  Loss  of,  244,  266,  267. 

"         ores  in  California,  58. 

"         Treatment  of,  249. 

Railroad  Flat,  Calaveras  Co  ,  Cal.,  270. 
Rainfall,  62,  gi,  93,  105,  tables  v.,vi., 
240. 

Raleigh,  Sir  Walter,  29. 
Randall,  P.  M.,  cited,  273. 


Randolph,  E.,  cited,  44. 

Rankine,  W.  J.   M.,  cited,  97,  98 

table  xxii. 
Ras-Elba,  Egypt,  16. 
Rathget,  J.,  on  the  yield  of  the  gravel 

deposits   in   Calaveras    Co.,  Cal., 

table  li. 

Ratio  of  evaporation  to  rainfall,  92. 
Rawhide  hose,  49. 

Raymond,  R.  W.,  cited,  40,  142,  tables 
xiii.,  li. 

Recent  alluvial  deposits  in  California, 
54- 

Records  of  gold-washing,  15-43. 
Red  Bluff,  Tehama  Co.,  Cal.,  53. 
Red  gravel,  87. 
Red  Sea,  16. 
Reid,  cited,  32. 

Reid's  Creek,  Victoria,  Australia,  73. 
Reservoir  ,  go-ii8. 
Retorting  amalgam,  249. 
Riberao  River,  Brazil,  25. 
Riffles,  224-227,  234,  257,  259,  271,278. 
Rifle  for  discharge  pipe,  50,  182. 
Rio  das  Mortes,  Brazil,  2;. 
Rio  Grande,  U.  S.  of  America,  40. 
River  channels.  Ancient — see  also  Pli- 
ocene gravels. 
River-mining,  48,  51,  79,  80. 
Rivets  for  hydraulic  pipe,  162,  169-171. 
Riviere  du  Loup,  Canada,  table  Hi. 
Rock  riffles,  224,  259,  271. 
Rocker,  203. 

Rose's  Bar  Tunnel,  Timbuctoo,  Yuba 
Co.,  Cal  ,  232. 

Round  Lake  Dam  and  Reser\oir,  Ne- 
vada Co.,  Cal.,  95,  104. 

Rowan  County,  North  Carolina,  39. 

Rowdy  Flat,  Victorta,  Australia,  73. 

Rudyard — see  English  (dam  and  reser- 
voii ). 

Rushworth  Mines,  Victoria,  Australia, 
32. 

Russia,  15,  20,  table  Hi. 
Rust  of  iron  pipes,  167. 
Rutherford  County,  North  Carolina,  39. 
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Sacramento  Ditch,  270. 

Sacramento  River  and  Valley,  Cal  , 

45,  62.  113,  238,  239,  240. 
Sahara,  Desert  of,  1 7. 
Sailor's  Union,  Placer  Co.,  Cal.,  table  li 
Salinas  River,  Cal.,  56. 
Salmon  River,  Idaho,  39. 
Sail  Spring  V.dley  Reservation  Ditch, 

270. 

San  Andreas  Reservoir  and  Dam,  San 

Mateo  Co.,  C.nl  ,  99  104 
San  .\ntonio  Mission,  Monterey  Co., 

Cal.,  61 

San  Antonio,  Mount,  Brazil,  71. 
San  Antonio,  Rio  de,  U.  S.  of  Colom- 
bia, 29 

San  Bartolomo,  Rio  de,  U.  S.  of  Co- 
lombia, 29. 

San  B-nito  River,  Cal.,  56. 

San  Bernardino  Mountains,  San  Ber- 
nardino Co  ,  Ca!.,  64,  65. 

San  Diego  County,  Cal.,  44,  45,  65, 
68. 

San  Francisco,  San  Francisco  Co.,  Cal  , 
55.  56. 

San   Francisco  Canon,  Los  Angeles 

Co.,  Cal.,  (I. 
San  Francisquito  Placers,  Los  Angeles 

Co.,  Cal.,  45. 
San  Gabriel,  Los  Angeles  Co.,  Cal., 

55.  59.  6i- 
San  Oavan,  Peru,  27. 
San  Isidro  (see  also  San  Diego),  45. 
San  Jago,  Falls  of,  U.  S.  of  Colomhia, 

29. 

San  Joao,  Brazil,  71. 

San  Joaquin  Valley  and  River,  Cal., 

62,  238,  269 
San  Jose,  B  azil,  71. 
San  Juan,  Nevada  Co.,  Cal.,  13S,  140, 

table-  xiii.,  xv.,  234. 
San  Juan  del  Oro,  Peru,  28. 
San  Luis  Rey,  San  Diego  Co.,  Cal.,  55 
San  Mateo  County,  Cal  ,  99. 
San  Pablo  B.iy,  Cal.,  23S. 
4>and-box,  177. 


Sandhurst  District,  Victoria,  Australia, 

32. 

Sandia,  Province  of,  Peru,  28. 
Sands,  72. 

Sangre  de  Cristo  Mountains,  New 
Mexico,  41. 

Santa  Ana  Mountains,  Los  Angeles 
Co  ,  Cal.,  55,  60,  61. 

Santa  Barbara  County,  Cal.,  59,  61, 
68,  168. 

Santa  Cbra  County,  Cal.,  174. 

Santa  Clara  River,  Cal.,  60. 

Santa  Ctuz  de  Cana,  U.  S.  of  Colom- 
bia, 29 

Santa  Cruz  Mountains,  Cal.,  56,  59,  60. 
Santa  Cruz  River  Venezuela,  28. 
Santa  Fc,  New  Mexico,  40. 
Santa  Lucia  Range,  Cal.,  56,  59,  61. 
Santa  Monica  Range,  Cal ,  57. 
Santiago,  Rio  de,  U.  S.  of  Colombia, 
29. 

Savaglikon,  Valley  of,  Siberia,  23, 
table  lii. 

Saw  Mill  Flat  Dam,  Nevada  Co.,  Cal., 
104. 

Schmidtmeyer,  cited,  26,  2q. 
Scotchman's  Tunnel  Claim,  New  South 

Wales,  33. 
Scott's  Valley  placers.  Trinity  Co., 

Cal.,  47. 

Sebastopol,  Nevada  Co.,  Cal.,  table  1. 
Secchi,  SJ  ,  Father,  cited,  158. 
Secret   Diggings,    Plumas  Co.,  Cal., 
table  li. 

Sedimentary  volcanic  layers,  66. 
Selwin,  M.  A  ,  cited,  ~o. 
Semipalitinsk,  Siberia,  table  lii. 
Senegal  River,  Senegambia,  Africa,  17. 
Serio  River,  Italy,  16. 
S  rpentiiie  rocks  in  California,  57,  58. 
Serra.  Father  Junipero,  cited,  44. 
Sevilla,  Rio  de,  U.  S.  of  Colombia,  29. 
Shaargans  Valley,  Siberia,  table  lii. 
Shaft  timbering,  216. 
Shafts,  Prospect,  87,  88,  89. 
Shafts  for  tunnels,  215. 
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Shallow  placers,  78. 

•Shantung,  Province  of,  China,  19. 

Shasta  County,  Cal. .  5; ,  62,  66,  table  li 

Shasta,  Mount,  California,  63,  66. 

Slielvocke.  C.iptain  Royal  Navy,  "  Voy- 
age around  the  World  by  Way  of  the 
South  Sea,"  45. 

Shensi,  Province  of,  China,  19. 

Shiribeshi,  Province  of,  Japan,  table 
lii. 

Shot  Gun  Lake  Reservoir  and  Dam, 
Nevada  Co.,  Cal.,  95,  104. 

Shotover  River,  New  Zealand,  36. 

Shrinkage  of  embankments,  100. 

Siberia,  15,  table  lii. 

Sicard  Claim,  Stanislaus  Co.,  Cal.,  72, 
tables  xlvi.,  1. 

Sierra  County,  Cal.,  63,  83,  84,  table  li. 

Sierra  Nevada,  Belt  of  the,  53,  54,  63, 
64. 

Silliman,  Professor,  cited,  40. 
Silurian  deposits  at  Beechworth,  32. 
Silurian  deposits  of  Canada,  37. 
Silver  mines  in  California,  61. 
Sipage  through  dams,  94,  115. 
Siphons,  49,  158. 
Sites  for  storage  reservoir^,  go. 
Skidmore,  W.  S.,  cited,  76. 
Slate  formations  in  California,  5P,  59, 
64,  67. 

Slope,  Average  of  the  Sierra  Nevada, 

63,  64. 
Slopes  of  hanks,  102,  138. 
Sluice,  affects  the  duty  of  the  inch,  268. 
Sluice,  Definition  of,  218. 
Sluice  diggings,  78. 
Sluices,  Action  of  water  in,  272. 
Sluices,  Charging  the,  244.  266. 
Sluices,  Construction  and  location  of, 

215,  235.  259. 
Sluices,  Distribution  of  gold  in,  252- 

261. 

Sluices,  Grades  of,  218.  227-231,  259, 
266,  274,  277-279,  tables  xlii.-xlvi. 
Sluices,  Ground,  247. 
Sluicinj.',  Ground,  79,  81. 


'  Smartsville,  Yuba  Co.,  Cal.,  114,  124 
I  140,  table  .XV.,  206.  226,  232,  246. 
j     tables  1  ,  li. 

j  Smith,  H.,  Jr.,  cited,  95,  112,  125,  126, 

174,  188,  273,  tables  1.,  li. 
Smythe,  R.  Brough,  cited,  17,  70,  253, 
Snake  River,  Idaho,  39,  40. 
Snow  Mountain  Ditch,  Nevada  Co., 

Cal.,  table  xiii. 
Snowfall,  91,  93,  105,  tables  v.,  vi. 
Soetbeer,  Dr  ,  cited,  17,  26,  27,28, 

30. 
Sofala,  17. 

Solfataric  action  in  California,  54,  61.  — 

Sources  of  water  supply,  go. 

South  Australia,  30-34. 

South  Carolina,  State  of,  3g. 

South  Island,  New  Zealand,  35, 

South  Yuba  Canal  Company,  Nevada 

Co.,  Cal.,  g5,  loi,  104,  124,  138,  140, 

tables  xiii.,  li. 
Southern  Cross  Mine,  Placer  Co.,  Cal., 

I7g,  23g,  271. 
Southern  District,  New  South  Wales, 

32,  table  lii. 
Spain,  Gold-washing  in,  16,  82. 
Spanish  Claim.  El  Dorado  Co.,  Cal., 

table  li. 

Spearfish  River,  Dakota  Ter.,  146. 

Spike's  Gully,  South  Australia,  34. 

Spring  Valley  and  Cherokee  Mining 
Company,  Butte  Co.,  Cal.,  4g,  103, 
138,  141,  table  xiii.,  162,  table  xv., 
174.  175- 

Spring  Valley  Water  Company,  San 
Francisco,  104,  160,  table  xv.,  162, 
170,  171. 

St.  Helena,  Mount,  Cal.,  61. 

St.  Lucas,  Cape,  Lower  California,  44, 

Stanislaus  County,  Cal.,  68,  72,  74, 
124,  125,  132,  138,  table  xiii..  168, 
177,  226,  22g,  241,  2f3,  265,  270, 
274,  276,  tables  xliii.,  xliv.,  1.,  li. 

Stapleton  River,  South  Australia,  35. 

State  Engineer  of  California,  cited,  77, 
23S,  23g,  240,  268,  271,  276. 
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Table  25.  Lengths  and  grades  of  tun-  | 

nels  in  Smartsvillc  District,  Yuba 

Co.,  Cal.,  232. 
Table  26.  Lengths,  grades,  and  costs 

of  tunnels  in  Nevada  Co.,  Cal.,  234. 
Table  27.  Cost  of  the  French  Corral 

tunnel  and  sluices,  233. 
Table  28.  Cost  of  the  Manzanita  Mine 

tunnel  and  sluices,  234. 
Table  29  Hall's  estimate  of  hydraulic 

debris  in  California  rivers,  239. 
Table  30.  Mendell's  estimate  of  hy- 

draullc  debris  in  California  rivers, 

239- 

Table  31.  French  Corral  Mine  Under- 
currents. 257. 

Table  31  A.  \ie\d  of  gold  from  the  un- 
dercurrents, etc.,  at  French  Corral, 
Nevada  Co.,  Cal.,  258. 

Table  32.  Yield  from  the  undercur- 
rents, etc.,  ;it  Manzanita  Mine,  Ne- 
vada Co.,  Cal.,  258. 

Table  33.  Distrihution  of  gold  in  the 
sluices  of  the  Manzanita  Mine,  260, 

Table  34.  Distribution  of  gold  in  the 
sluices  of  the  French  Corral  Mine, 
261. 

Table  35.  Distribution  of  gold  in  the 
sluices  of  the  North  Bloomfield 
Mine,  262. 

Table  36.  Amount  of  water  used,  yield 
of  bullion,  and  lo^s  of  quicksilver  at 
the  North  Bloomfield  Mine,  264. 

Table  37.  Details  of  a  run  at  the  New  j 
Kelly  and  Delaney  Claims,  showing 
amount  of  water  used,  bullion  yield.  ' 
and  loss  of  quicksilver,  266.  I 

Table  38.  Estimates  of  the  amount  of  I 
water  u^ed  and  the  duty  of  the  inch,  [ 
269. 

Table  39.  Estimates  of  the  amount  of  ' 
water  used  and  the  duty  of  the  inch 
by  Lieutenant  Payson,  270.  | 

Table  40.  Estimates  of  the  amount  of 
water  used  and  the  duty  of  the  inch 
by  the  State  Engineer,  271. 


Table  41.  The  amounts  of  v  ater  used 
and  the  duty  of  the  miner  s  inch  at 
North  BloomfieH  and  La  Grange 
mines,  274. 
Table  42.  Amount  of  water  used, 
quantity  of  gravel  washed,  grade, 
height  of  banks,  details  of  cost,  and 
bullion  yield  at  the  French  Hill 
Clami,  Stanislaus  Co.,  Cal.,  follows 
p.  279. 

Table  43.  Amount  of  water  used, 
gravel  washed,  grade,  height  of 
banks,  yield  of  bullion,  and  costs  of 
working  the  Light  Claim,  Patricks- 
ville,  Stanislaus  Co, ,  Cal.,  follows  p. 
279. 

Table  44.  Details  of  working  the  Ches- 
I     nau  Claim,  Patricksville,  Stanislaus 
I     Co,  Cal.,  follows  p.  279. 
Table  45.  Details  of  working  the  John- 
son Claim,  Stanislaus  Co.,  Cal.,  fol- 
lows p.  279. 
Table  46.  Details  of  working  the  Si- 
card  Claim,  Patricksville,  Stanislaus 
Co  ,  Cal.,  follows  p.  279. 
Table  47.  Resume  of  the  work  done  by 
the  La  Grange  Company  from  June 
I,  1874,  to  September  30,  1876,  277. 
Table  48.    Amount    of  water  used, 
gravel   washed,    height    of  banks, 
yield  of  bullion,  and  cost  of  w  rk- 
ing  No.  8  Claim,  North  Bloomfield, 
Nevad  i  Co.,  Cal.,  278. 
Table  49.  Classification  of  mines  and 

mining  expenses  in  California,  -J79. 
Table  50.  Amount  of  gravel  moved 
and  yield  of   important  hydraulic 
claims  in  California,  follows  p.  279. 
Table  51.   Amount  of  gravel  moved 
and  yield  of  various  placer  claims  in 
California,  follows  p.  279 
Table  52.  Amount  of  gravel  washed 
and  corresponding  yield  of  foreign 
gold-fields,  follows  p.  279. 
Table  Mountain,  Tuolumne  Co.,  Cal., 
51.  66. 
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Table   Moiinlain    Creek,    Cn].,  23c), 
2^19. 

Table-Top    Mountain,     New  South 

Wales,  33. 
Tagus  River,  Portugal,  16. 
Talue,  Lake,  Cal.,  64. 
Tail  sluices — see  Sluices. 
'l  ailings,  112-115.  236-240. 
Tailings   deposited  in    streams,  114, 

236,  23S-240. 
Tailings,  Storage  of.  U2,  115. 
Talca,  Chili,  27. 

Tallawang  District,  New  South  Wales, 
33.  67- 

Tambaroora     District,     New  South 

Wales,  32. 
Tamping  powder  drifts,  213. 
Tapu  District,  New  Zealand,  36. 
Tarring  iron  pipes,    table   xv.,  167, 

168. 

Taylor  Wheel,  The.  191,  193. 
Tejon,  Fori,  Kern  Co.,  Cal.,  53,  55. 

59,  61,  62,  63. 
Temescal  Range,  55,  60. 
I'emora  placers,  New  South  Wales, 

32. 

Temperance    Hill,    Yuba  Co.,  Cal., 
table  li 

Temple,  E.,  on  distribution  of  gold,  70. 
Tensile  strain  on  pipes,  table  xv.,  172, 
174- 

Tentek  River,  Western  Turkistan,  22. 
Tertiary   alluvial    deposits    in  New 

South  Wales,  34. 
Tertiary  strata  of  California,  54,  57, 

58,  59,  60,  64,  66. 
Tesorero,  Venezuela,  29. 
lexas  Creek  ditch  and  flume,  131. 
Texas  Creek  pipe,  Nevada  Co.,  Cal., 

i6o,  table  xv. 
Teya  River,  Siberia,  22. 
Thames  Gold  Fields,  The.  New  Zea- 
land, 36. 
Thibet,  18. 

Thickness  of  iron  for  pipes,  159,  table 
XV.,  161,  162.  168.  i6g.  171,  172. 


Thompson.  Prof..  Experiments  on  the 
discharge  of  water  through  triangular 
notches,  120. 

Tiltil,  Chili,  27. 

Timber-crib  dams,  96,  106,  no. 
Timbering  shafts,  216. 
Timbuctoo.  Yuba  Co.,  Cal.,  49,  232. 
Tinkers  Diggings,  New  Zealand,  36. 
Tin  oxide,  S8. 
Tin  ore  in  California,  60. 
Tipuani  River,  Bolivia,  27. 
Tom,  The,  47.  204. 
Tools  for  pipe-making,  169. 
Topography  of  California,  53,  69. 
Torrens  River,  South  Australia,  34. 
Toshibitsu,  Province  of,  Japan,  table 
1  lii. 

Transactions  of  the  American  Institute 
of  Mining  Engineers,  20,  70,  table 
lii. 

Trans-Baikalia.  Siberia,  20,  24,  table 
1  lii. 

Transporting  capacity  of  a  current, 
271. 

Transporting  power  of  a  current,  271. 
Transvaal.  South  Africa,  17. 
Trautwine,  John  C,  cited,  99,  too, 
loi. 

Travancore,  State  of,  India,  18. 
Treaty  of  Guadalupe-Hidalgo,  47. 
Tres  Pinos,  San  Benito  Co.,  Cal.,  60. 
Triangular  notch,  Dhcharge  through, 
120,  122. 

Triassic  strata  in  California,  54,  58, 

!  64. 

Trinity  County  placers.  Discovery  of 
47 

Trinity  River,  Cal.,  49,  66,  238. 
Tuapeka,  New  Zealand,  36. 
Tujimo  River,  Siberia,  24. 
Tulare  County,  Cal.,  65. 
Tulare  Lake,  Cal  ,  58. 
Tunnels  and  .sluices,  215-235. 
Tunnels,  Deep,  first  in  California,  . 
Tunnels  for  drift-mines,  83. 
Tunnels,  Prospect,  83. 
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Tuolumne  County,  Cal.,  51,  64,  66, 
223. 

Tuolumne  River,  Cal.,  64,  68,  72,  77, 

238,  241,  270. 
Tuolumne  Water  Company,  103,  104, 

table  xiii. 
Turkistan,  20,  22. 
Turn-in  sluice,  227,  228,  229. 
Turn-out  .sluice,  227,  229-231. 
Turon  District  New  South  Wales,  32. 
Twist's  Fall,  Victoria,  Australia,  73. 

Uderey,  Valley  of  the,  Siberia,  23, 

table  lii. 
Umpqua  River,  Oregon,  79. 
Undercurrent^,   231,   232,    247,  257, 

259,  261. 

Undercurrents,  Distribution  of  gold  in, 

252-261. 
Undulations,  Rich  pay  in,  72. 
Union  Ditch,  Yuba  Co.,  Cal.,  138, 

140,  table  xiii. 
Union   Ditch,    Calaveras   Co.,  Cal, 

270. 

Union  Gravel  Mine,  Yuba  Co.,  Cal  , 

table  li. 
United  States  of  America,  38. 
Untuguna  River,  Siberia,  24. 
Ural  Gold  Fields,  20,  21,  88,  table  lii. 
Uralla  District,  New  South  Wales,  32, 

table  lii. 

Vaca,  Cabeza  de.  Expedition  to  Gulf 

of  California,  42. 
Valparaiso,  Chili,  27. 
Valves  for  iron  pipes,  166,  167. 
Vancouver  Island,  British  Columbia, 

38. 

Veins,  Gold  quartz,  in  California,  48, 
61,  65. 

Venegas,  Father,  Discovery  of  Cali- 
fornia, 42,  61. 
Venezuela,  28. 

Ventura  County,  Cal.,  59,  61. 
Verkneudinsk,  Siberia,  20,  24. 
Vermont,  State  of,  39. 


Victoria,  Australia,  30,  70,  71,  205, 

253,  table  lii. 
Victoria,  British  Columbia,  38. 
Vigno  Hill,  .Stanislaus  Co.,  Cal.,  274. 
Virginia  City  and  Gold  Hill  Water 

Company,  Nevada,  160,  table  xv  , 

163,  172,  173. 
Virginia,  State  of,  39 
Visalia,  Tulare  Co.,  Cal.,  53. 
Viscayno,  Scba-.tiaii,  43. 
Vilim  River,  Siberia,  24. 
Volcanic  activity  in  California,  54,  61. 
Volcanic  cones  in  California,  66. 
Volcanic  layers.  Sedimentary,  65,  66. 
Volcano  Mine,  270. 

Wairau  Valley,  New  Zealand,  37. 
Wakamarina  District,  New  Zealand,  37 
Waldron  Reservoir.  Nevada  Co.,  Cal., 
94. 

Wallace,  H.  W.,  on  yield  of  gravel  at 
Bald  Mt.,  Sierra  Co.,  Cal.,  table  li. 

Walls,  Puddle,  96,  100. 

Walsh,  Travels  in  Brazil,  25,  71. 

Waranga  Gold  Fields,  Victoria,  Aus 
tralia,  32. 

Washing,  First,  27. 

Washing,  Method  of,  244-251. 

Washington  Territory,  39. 

W.ishoe  Valley,  Nevada,  172. 

Waste-gates  -  ditches,  133,  134,  136, 
276. 

Waste-gates — flumes,  128,  145,  154. 
Water,  Absorption  of,  92,  132,  135, 
143- 

"  Coefficients  of  discharge 
through  circular  pipes,  table 
xxii. 

"  Coefficients  of  discharge 
through  ditches,  131-133. 

"  Coefficients  of  discharge 
through  rectangular  orifices, 
123. 

"      Discharge  over  weirs,  1 19,  120. 
"      Discharge    through  nozzles 
185. 


INDKX. 


Water,    Discliari.c    tlirough  orifices, 
llg. 

"      Discharge  through  pipes,  table 
XV.,  174. 

"      Discharge  through  triangular 

notches,  120,  122. 
"      Duty  of  the  miner's  inch,  268, 

274,  277,  278,  tables  xlii.- 

xlvi. 

"      Erosion  of  material  in,  236, 
272. 

"       Evaporation  of,  92,  135,  143. 

"      Flow  in  ditches,  130-134. 

"      Flow   in   narrow    and  deep 

ditches,  137. 
"      Flow  in  open  channels,  127. 
"      Loss  of,  table  vi.,  132,  133, 

134.  143- 

"       Loss  in  di5tribution,  133. 

"      Pressure  on  pipes,  table  xv., 

174,  ta1)les  xlii  -xlvi. 
"      Measurement  of,  i  ig-134. 
"      Supply,  Sources  of.  91. 
"      Suspension    of    material  in, 

240. 

"      Transporting  capacity  of,  271. 
"       Transporting  power  of,  271. 
"       Wheel — see  Huniy-Gtirdy. 
Wear  of  stones  in  running  water,  236, 
272. 

Weaver  Lake  Reservoir  and  Dam, 
Nevada  Co.,  Csl.,  93,  95,  104 

Wei  River,  China,  19. 

Weight  of  vvrought-iron  plate,  159. 

Weight  of  wrought  iron  in  pipes,  161. 

Weirs,  119,  120. 

Weisbach,  Julius,  ciied,  119. 

Werchneudinsk,  Siberia,  table  lii. 

Werong,  Mount,  New  South  Wales, 
33- 

Westland  District,  New  Zealand,  35, 
36. 

Wheel — see  llurdy-Gurdy. 
White  River,  Cal.,  66. 
Whitesides   Claim,  El    Dorado  Co., 
Cal.,  table  li. 


Whitney,  J  D.,  cited,  53.  70,  276 
Whitney,  Mount,  ("al.,  64. 
Wilkes'  Exploring  Expedition.  45 
Wilkinson,  C.  S.,  on  aunferou>  coal 

measures,  67. 
Wing  dams,  48. 
Wood,  Fossil,  in  California,  67 
Wooden  dams  (see  also  Timbci  cribs), 

96. 

Woodward  Claim,  Neva<la  Co.,  Cal., 
263. 

Woolsey  Flat,  Nevada  Co.,  Cal.,  234. 
Woolshed,  Victoria.  Australia,  73. 
Wright,  P.,  Distribution  of  gold  in 

tail  sluices,  253. 
Wrought-iron  pipes  — see    I'ifts  ana 

nozzles. 

Wynaad  Gold  Fields,  India,  17. 
Wyoming  and  Dakota  W'ater  (  om- 
pany,  Dakota,  146,  147. 

Vackand.mah.  Victoria,  Australia,  73. 
Yenisei  River,  Siberia.  22. 
Veniseisk,  Northern  Siberia,  20.  22, 
table  lii. 

Yeniseisk,  Southern  Siberia,  20,  23, 
table  lii. 

Yenashimo  Valley,  .Siberia,  23,  tabic 
lii. 

Yis-o.  japan,  20. 
\'  ield  —see  Product  of  go! J. 
Yield  from  the  auriferous  deposit.-,  of 
California,  42.  275,  277,  278,  tal>les 
xlii. -xlvi.,  1.,  li.,  28S. 
Yield  of  auriferous  gravel — see  A'e- 
cords  of  i;vld-washing. 
"    of  the  different  gravel  strata,  72. 
74,  75 

"    of  the  different  gravel  strata  at 

"        North  liloomtield.  73,  74. 

"    of  the  different  gravel  strata  at 

Palricksville,  74. 
"    of    drifting   and  hydraulicking 

at  North  Hloomheld,  84,  278. 
"    of  tlie  Russi  an,  Australian  a  .A 

Japan  gold  fields  21),  l.d)lclii. 
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Yield  of  gravel  at  La  Grange,  74,  277, 
tables  xlii.-xlvi. 

"    of  minimum  pay  of  gravel,  76. 

"    of  top  dirt  at  La  Grange,  74. 

"  of  top  dirt  at  the  Polar  Star 
Mine,  75. 

"  of  undercurrents — see  Distribu- 
tion of  gold  in  undercurrents . 

''  of  sluices — see  Distribution  of 
gold  in  sluices. 


Yuba  Co.,  Cal.,  95,  124,  138,  140, 
table  xiii,,  206,  207,  226,  232,  273, 
tables  1.,  li. 

Yuba  River,  Cal.,  77,  93,  95,  103,  114, 
115,  235,  239,  245,  268. 

Zapaterito  River,  U.  S.  of  Colombia,  29. 
Zehya  River,  Siberia,  25. 
Zipangu,  Japan,  19. 
Zlataust,  Russia,  22 
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artificial  artists'  and  painters'  colours,  enamel  colours,  soot  and  metallic 
pigments.  A  text  book  for  Manufacturers,  Merchants,  Artists  and 
Painters.  Translated  from  the  second  revised  edition  by  Arthur  C. 
Wright,  M.  A.    8vo,  cloth,  illustrated   net.  $5.00 

BERTIN,  L.  E.    Marine  Boilers :  Their  Construction 

and  Working,  dealing  more  especially  with  Tubulous  Boilers.  Trans- 
lated by  Leslie  S.  Robertson,  Assoc.  M.  Inst.,  C.  E.,  M.  I.  Mech.  E., 
M.  I.  N.  A.,  containing  upward  of  250  illustrations.  Preface  by  Sir 
William  White,  K.  C.  B.,  F.  R.  S.,  Director  of  Naval  Construction  to 
the  Admiralty,  and  assistant  Controller  of  the  Navy.  New  and 
revised  edition.    8vo,  cloth,  illustrated  In  Press 

BIGGS,    C.    H.  W.     First  Principles  of  Electricity 

and  Magnetism.  A  book  for  beginners  in  practical  work,  containing 
a  good  deal  of  useful  information  not  usually  to  be  found  in  similar 
books.    With  numerous  tables  and  343  diagrams  and  figures.  i2mo, 


cloth,  illustrated  $2.00 

BINNS,  CHAS.  F.    Ceramic  Technology  ;  being  some 

aspects  of  Technical  Science  as  applied  to  Pottery  Manufacture. 
8vo,  cloth  .'  net,  $5.00 


 Manual  of  Practical  Potting.    Compiled  by  Ex- 
perts.   Third  edition,  revised  and  enlarged.    8vo,  cloth,  .net,  $7.50 
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BIRCHMORE,  W.  H.,  (Dr.)      How  to  Use  a  Gas 

Analysis.    l'2mo,  cloth,  illustrated  In  Press. 

BLAKE,  W.  P.    Report  upon  the  Precious  Metals. 

Being  Statistical  Notices  of  the  principal  Gold  and  Silver  producing 
regions  of  the  world,  represented  at  the  Paris  Universal  Exposition. 
8vo,  cloth  82.00 

BLAKE  SLEY,  T.  H.  Alternating  Currents  of  Elec- 
tricity. For  the  use  of  Students  and  Engineers.  Third  Edition,  en- 
larged.   12mo,  cloth  $1.50 

BLYTH,  A.  WYNTER,  M.R.C.S.,  F.C.S.   Foods :  their 

Composition  and  Analysis.  A  Manual  for  the  use  of  Analytical  Chemists, 
■with  an  Introductory  Essay  on  the  History  of  Adulterations.  With 
numerous  tables  and  illustrations.  Fiftk  edition,  thoroughln  re- 
vised enlarged  and  rewritten.   8vo,  cloth  $7.50 

  Poisons :  their  Eflfects  and  Detection.    A  Manual 

for  the  use  of  Analytical  Chemists  and  Experts,  with  an  Introductory 
Essay  on  the  growth  of  Modern  Toxicology.  Third  Edition,  revised 
and  enlarged.    8vo,  cloth  87.50 

BODMER,  Q.  R.     Hydraulic  Motors  and  Tvirbines 

For  the  use  of  Engineers,  Manufacturers,  and  Students.  Third  Edi- 
tion, revised  arid  enlarged.  With  192  illustrations.  12mo, 
cloth   85.00 

BOILEAU,  J.  T.  A  New  and  Complete  Set  of  Trav- 
erse Tables,  Showing  the  Diflference  of  Latitude  and  Departure  of  every 
minute  of  the  Quadrant  and  to  five  places  of  decimals.  Svo,  cloth.  $5. 00 

BONNE Y,  G.  E,   The  Electro-Platers'  Hand  Book. 

A  Manual  for  Amateurs  and  Young  Students  on  Electro-Metallurgy. 
60  Illustrations.    12mo,  cloth  81.20 

BOTTONE,  S.  R.   Electrical  Instniment  Making  for 

Amateurs.  A  Practical  Handbook.  With  48  illustrations.  Fifth 
Edition,  revised.    12mo,  cloth  50 

  Electric  Bells,  and  all  about  them.    A  Practical 

Book  for  Practical  Men.  With  more  than  100  illustrations.  12mo, 
cloth.     Fourtli  Edition,  revised  and  enlarged  50 

 The  Dsmamo:  How  Made  and  How  Used.  A 

Book  for  Amateurs.    Eighth  Edition.    12mo,  cloth  81.00 

 Electro  Motors :  How  Made  and  How  Used.  A 

Hand  Book  for  Amateurs  and  Practical  Men.  Second  Edition. 
I'imo,  cloth  75 

BOURRY,  EMILE.    Treatise  on  Ceramic  Industries  ; 

a  Complete  Manual  for  Pottery,  Tile  and  Brick  Works.  Translated 
from  the  French  by  Wilton  P.  Rix.  With  323  figures  and  Ulustra. 
tions.    8vo,  cloth,  Ulustrated  net,  8f*.5o 
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BOW,  R.  H.  A  Treatise  on  Bracing.  With  its  applica- 
tion to  Bridges  and  other  Structures  of  Wood  or  Iron.  156  illustra- 
tions.   8vo,  clotli  $1.50 

BOWIE,  AUG.  J.,  Jun.,  M.  E.  A  Practical  Treatise  on 

Hydraulic  Mining  in  California.  With  Description  of  the  Use  and 
Construction  of  Ditches,  Flumes,  Wrought-iron  Pipes  and  Dams ; 
Flow  of  Water  on  Heavy  Grades,  and  its  Applicability,  under  High 
Pressure,  to  Mining.  Fifth  Edition.  Small  quarto,  cloth.  Illus- 
trated $5.00 

BOWSER,  Prof.  E.  A.    An  Elementary  Treatise  on 

Analytic  Geometry.  Embracing  Plane  Geometry,  and  an  Intro- 
duction to  Geometry  of  three  Dimensions.  12mo,  cloth.  Twenti/- 
Jirst  Edition  .$1.75 

 An  Elementary  Treatise  on  the  Differential  and 

Integral  Calculus.  With  numerous  examples.  12mo,  cloth.  Seven- 
teenth Edition  $2.25 

  An  Elementary  Treatise  on  Analytic  Mechanics. 

With  numerous  examples.     12mo,  cloth.     Sixteenth  Edition.  .$3.00 

  An  Elementary  Treatise  on  Hydro-Mechanics, 

With  numerous  examples.    12mo,  cloth.     Fifth  Edition  $2.50 

 A  Treatise  on  Roofs  and  Bridges.   With  Numerous 

Exercises.  Especially  adapted  for  school  use.  12mo,  cloth.  Illus- 
trated ne<  $2.25 

 Academic  Algebra.     Third  Edition.    12mo,  cloth. ..$1.25 

 College  Algebra.    Fourth  Edition.    12mo,  cloth   $1.75 

 Elements  of  Plane  and  Solid  Geometry.  12mo, 

cloth.    Second  Edition  $1.40 

BRASSEY'S  Naval  Annual   for   1903.    Edited  by 

T.  A.  Brassey.  With  numerous  full  page  diagrams,  half-tone  illus., 
and  tables.    8vo,  cloth,  illustrated   net.  $6.00 

BRAUN,  E.  The  Baker's  Book:  A  Practical  Hand- 
book of  the  Baking  Industry  in  all  Countries.  Profusely  illustrated 
with  diagrams,  engravings,  and  full  page  colored  plates.  Trans- 
lated into  English  and  edited  by  Emil  Braun.  Vo.  lI.,8vo,  cloth,  illus- 
trated, 308  pages  $2  50 

Vol.  II.    363  pages,  illustrated  $2.50 

British  Standard  Sections.    Issued  by  The  Engineering 

Standards  Committee,  Supported  by  The  Institution  of  Civil  En- 
gineers, The  Institution  of  Mechanical  Engineers,  The  Institution  of 
Naval  Architects,  The  Iron  and  Steel  Institute,  and  the  Institution  of 
Electrical  Engineers.  Comprising  nine  plates  of  diagrams,  with 
letter-press  and  tables.    Oblong  pamphlet,  8J  x  15  $1.00 
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BROWN,  WM.  N.    The  Art  of  Enamelling  on  Metal. 

With  figures  and  illustratious.    12mo,  cloth,  illustrated. . .  .net,  $1.00 

 Handbook  on  Japanning  and   Enamelling,  for 

Cycles,  Bedsteads,  Tinware,  etc.    l2tuo,  cloth,  illustrated.  .n(^  81.50 

  House  Decorating  and  Painting.    With  numerous 

illustrations.    12mo,  cloth  7iet,  $1.50 

  History  of  Decorative  Art.     With  Designs  and 

illustrations.    12mo,  cloth    jut,  $..'Ao 

  Principle  and  Practice  of  Dipping,  Burnishing, 

Lacquering  and  Bronzing  Brass  Ware.    I'Jnio,  cloth  net,  $l.O0 

  Workshop  Wrinkles  for  Decorators,  Painters, 

Paper  Hangers  and  Others.    8vo,  cloth  )i<  t,  $1.00 

BUCHANAN,  E.  E.     Tables  of  Squares;  containing 

the  square  of  every  foot,  inch  and  sixteenth  of  an  inch  between  oua 
sixteenth  of  an  inch  and  fifty  feet.  For  Engineers  and  Calculators. 
16mo,  oblong,  cloth  81- 00 

BUBGH,  N.  P.    Modem  Marine  Engineering,  applied 

to  Paddle  and  Screw  Propulsion.  Consisting  of  36  colored  plates,  259 
practical  woodcut  illustrations,  and  403  pages  of  descriptive  matter. 
The  whole  being  an  exposition  of  the  present  practice  of  James  Watt 
&  Co.,  J.  &  G.  Eennie,  K.  Napier  &  Sons,  and  other  celebrated  firms. 
Thick  quarto,  half  morocco  810.00 

BURT,  W.  A.  Key  to  the  Solar  Compass,  and  Survey- 
or's Companion.  Comprising  all  the  rules  necessary  for  use  in  the 
field  ;  also  description  of  the  Linear  Surveys  and  Public  Laud  System 
of  the  United  States,  Notes  on  the  Barometer,  Suggestions  for  an  Out- 
fit for  a  Survey  of  Four  Months,  etc.  Seventh  Hdition.  Pocket  size 
full  leather  82.50 

CAMPIN,  FRANCIS.    On  the  Construction  of  Iron 

Roofs.  A  Theoretical  and  Practical  Treatise,  with  wood-cuts  and 
Plates  of  Koofs  recently  executed.     8vo,  cloth  $2.00 

CARTER,  E.  T.  Motive  Power  and  Gearing  for  Elec- 
trical Machinery.  A  Treatise  on  the  Theory  and  Practice  of  the 
Mechanical  Equipment  of  Power  Stations  for  Electric  supply  and  for 
Electric  Traction.    8vo,  cloth.  Illustrated  85.00 

CATHCART,  PROF.  WM.  LEDYARD.  Columbia  Uni- 
versity. Machine  Design.  Parti.  Fastenings.  8vo,  cloth,  ills.,  nc<  83.00 

 Part  II.    Transmission  Machinery  In  Frets. 

— —  The  Steam  Turbine  In  Press. 

  Machine    Elements  ;    Shrinkage   and  Pressure 

Joints  /"  Press. 

  Stationary  Engine  Design  In  P-ess. 
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CATHART,    Prof.    WM.    L.   and  J.  I.  CHAFFEE. 

Courscj  of  Graphic  Statics  Applied  to  Meclianical  Engineering. 
 In  Press. 

CHAMBER'S  MATHEMATICAL  TABLES,  consist- 
ing of  logaritlims  of  Numbers  1  to  108,000,  Trigonometrical,  Nautical 
and  other  tables.    New  Edition.    8vo,  cloth  $1.75 

CHARPENTIER,  PAUL.    Timber  ;  a  Comprehensive 

Study  of  Wood  m  all  its  Aspects  ;  Commercial  and  Botanical.  Show- 
ing the  Dilferent  Applications  and  Uses  of  Timber  in  Various  Trades, 
etc.  Translated  into  English.  8 vo,  cloth,  illustrated.  437 pp.. $6.00 

CHAUVENET,  Prof.  W.    New  Method  of  Correcting 

Lunar  Distances,  and  Improved  Method  of  FintUng  the  Error  and 
Rate  of  a  Chronometer,  by  Equal  Altitudes.    8vo,  cloth  $2  00 

CHILD,  CHAS.  T.    The  How  and  Why  of  Electricity. 

A  Book  of  information  for  non-technical  readers,  treating  of  the 
Properties  of  Electricity,  and  how  it  is  generated,  handled,  controlled, 
measured  and  set  to  work.  Also  explaining  the  operation  of  Electri- 
cal Apparatus.     8vo,  cloth,  illustrated  $1.00 

CHRISTIE,  W.  "WALLACE.     Chimney  Design  and 

Theory.  A  Book  for  Engineers  and  Architects,  with  numerous  half- 
tone illustrations  and  plates  of  famous  chimneys.  Second  edition, 
revised.    8vo,  cloth  $3.00 

  Furnace  Draft  ;  its  Production  by  Mechanical 

Methods.  A  Handy  Reference  Book,  with  figures  and  tables.  lOmo, 
limp  cloth,  illustrated  $0..5O 

  Boiler-waters,  Scale  and  Corrosion  In  Press 

CHURCH,  JOHN  A.   Notes  of  a  Metallurgical  Journey 

in  Europe.     8vo,  cloth  $2.00 

CLAPPERTON,  GEO.     Practical   Paper-making ;  a 

Manual  for  Paper-makers  and  Owners  and  Managers  of  Paper  Mills, 
to  which  is  appended  useful  tables,  calculations,  data,  etc.,  with  illus- 
trations reproduced  from  micro-photographs.  12mo,  cloth,  illus- 
trated $2.50 

CLARK,  D.  KINNEAR,  C.E.    A  Manual  of  Rules, 

Tables  and  Data  for  Mechanical  Engineers.  Based  on  the  most  recent 
investigations.    Illustrated  with  numerous  diagrams.     1,012  pages. 

8vo,  cloth.    Sixth  Edition  $5.00 

Half  morocco  $7.50 

  Fuel;  its  Combustion  and  Economy,  consisting  of 

abridgements  of  Treatise  on  the  Combustion  of  Coal.  By  C.  W. 
"Williams ;  and  the  Economy  of  Fuel,  by  T.  S.  Prideaux.  With 
extensive  additions  in  recent  practice  in  the  Combustion  and  Economy 
of  Fuel,  Coal,  Coke,  Wood.  Peat,  Petroleum,  etc.  Fourth  Edition. 
12mo,  cloth  $L50 
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CLARK,  D.  KINNEAR,  C.  E.  The  Mechanical  Engi- 
neer's Pocket  Book  of  Tables,  Formulfe,  Rules  and  Data.  A  Handy 
Book  of  Reference  for  Daily  Use  iu  Engineering  Practice.  16mo, 
morocco.     Fifth  edition,  carefuUi/  revised  throiifjlunit  $3.0 

 Tramways;  their  Construction  and  Working,  Em- 
bracing a  comprehensive  history  of  the  system,  with  accounts  of  the 
various  modes  of  traction,  a  description  of  the  varieties  of  rolling 
stock,  and  ample  details  of  Cost  and  Working  Expenses.  Second 
Edition.  Re-tvritten  and  (jreatly  enlarged,  with  upicards  of  400 
illustrations.    Thick  8vo,  cloth  89  00 

CLARK,  JACOB  M.     A  new  System  of  Laying  Out 

Railway  Turn-outs  instantly,  by  inspection  from  tables.  12mo,  cloth. 
 $1.00 

CLAUSEN-THUE,  W.  The  ABC  Umversal  Com- 
mercial Electric  Telegraphic  Code  ;  specially  adapted  for  the  use  of 
Financiers,  Merchants,  Ship-owners,  Brokers,  Agent,  etc.  Fourth 
Edition.    8vo,  cloth  $5.00 

Fifth  Edition  of  same  87.00 

 The  Al  Universal  Commercial  Electric  Telegraphic 

Code.   Over  1240  pp.,  and  nearly  90,000  variations.   8vo,  cloth. .87.50 

CLEEMANN,  THOS.  M.    The  Railroad  Engineer's 

Pi'actice.  Being  a  Short  but  Complete  Description  of  the  Duties  of 
the  Young  Engineer  in  the  Prelimary  and  Location  Surveys  and  in 
Construction.    4th  ed.,  revised  and  enlarged.  Illus.  12mo,  cloth  $1.50 

CLEVENGER,  S.  R.   A  Treatise  on  the  Method  of 

Government  Surveying  as  prescribed  by  the  U.  S.  Congress  and 
Commissioner  of  tlie  General  Land  Office,  with  complete  Mathe- 
matical, Astronomical  and  Practical  Instructions  for  the  use  of  the 
United  States  Surveyors  in  the  field.    16mo,  morocco  $2.50 

CLOUTH,  F.    Rubber,  Gutta-Percha,  and  Balata. 

Translated  from  the  German  edition,  and  thoroughly  revised  and 
brought  up-to-date.  With  engravings  and  maps.  8vo,  cloth,  illus- 
trated In  Press. 

COFFIN,  Prof.  J.  H.  C.  Navigation  and  Nautical  As- 
tronomy. Prepared  for  the  use  of  the  U.  S.  Naval  Academy.  New 
edition.  Revised  by  Commander  Charles  Belknap.  52  woodcut  illus- 
trations.   12mo,  cloth  7ict,  $3.50 

COLE,  R.  S.,  M.  A.  A  Treatise  on  Photographic  Optics. 

Being  an  account  of  the  Principles  of  Optics,  so  far  as  they  apply  to 
Photography.    12mo,  cloth.   103 illustrationsand  folding  plates. $2. 50 

COLLINS,  JAS.  E.    The  Private  Book  of  Useful  Alloys 

and  Memoranda  for  Goldsmiths,  Jewelers,  etc.    18mo,  cloth  50 
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COREY,  Water  Supply  Engineering.  Fully  illus- 
trated.   8vo,  cloth  In  Press. 

COOPER,  W.  R.,  M.  A.    Primary  Batteries  ;  their 

Construction  aud  Use.  With  numerous  figures  and  diagrams.  8vo, 
cloth,  illustrated  net,  $4.00 

CORNWALL,  Prof.  H.  B.  Manual  of  Blow-pipe  An- 
alysis, Qualitative  and  Quantitative.  With  a  Complete  System  of 
Determinative  Mineralogy.    8vo,  cloth,  with  many  illustrations.  .$2.50 

COWELL,  W.  B.     Pure  Air,  Ozone  and  Water;  a 

Practical  Treatise  of  their  Utilization  and  Value  iu  Oil,  Grease,  Soap, 
Paint,  Glue  and  other  Industries.  With  tables  and  figures.  12mo, 
cloth,  illustrated  net.  $2.00 

CRAIG,  B.  F.   Weights  and  Measures.    An  account  of 

the  Decimal  System,  with  Tables  of  Conversion  for  Commercial  and 
Scientific  Uses.    Square  32mo,  limp  cloth  50 

CROCKER,  F.  B.  Electric  Lighting.  A  Practical  Ex- 
position of  the  Art.  For  use  of  Engineers,  Students,  and  others  inter- 
ested in  the  Installation  or  Operation  of  Electrical  Plants.  Vol.  I. 
The  Generating  Plant.  Fourth  Edition,  revised.  Svo,  cloth,  illus- 
trated  $3.00 

Vol.  II.  Distributing  Systems  and  Lamps.  Second  edition.  Bvo,  cl., 
illustrated  $3.00 

CROCKER,  F.  B.,  and  S.  S.  WHEELER.  The  Practical 

Management  of  Dynamos  and  Motors.  Fifth  Edition,  (^Eleventh 
thousand)  revised  and  enlarged.  With  a  special  chapter  by  H.  A. 
Foster.    12mo,  cloth,  illustrated  $1.00 

DAVIES,  E.  H.    Machinery  for  Metalliferous  Mines. 

A  Practical  Treatise  for  Mining  Engineers,  Metallurgists  and  Man- 
agers of  Mines.    With  upwards  of  400  illustrations.    Second  edition, 
rewritten  and  enlarged.    Bvo,  cloth  net  .$8.00 

 D.  C.    A  Treatise  on  Metalliferous  Minerals  and 

Mining.  Sixth  edition,  thorouglilt/  revised  and  much  enlarged  by 
his  son.    8vo,  cloth  net,  $5.00 

 MINING  MACHINERY  In  Press. 

DAVIS,  C.,  and  B.  F.  BELL.    Ferro-Concrete ;  Its 

Varieties  and  Applications  iu  Modern  Construction.  8vo,  cloth, 
illustrated  In  Press. 

DAY,  CHARLES.    The  Indicator  and  its  Diagrams. 

With  Chapters  on  Engine  and  Boiler  Testing  ;  Including  a  Table  of 
Piston  Constants  compiled  by  W.  H.  Fowler.  12mo,  cloth.  125 
illustrations  $2.00 
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DENNY,  G.  A.    Deep-level  Mines  of  the  Rand,  and 

tbeir  future  development,  cousidered  from  the  commercial  poiut  of 
view.  With  folding  plates,  diaprams  and  tables.  4to,  cloth,  illus- 
trated net,  810.00 

DERR,  W.  L.   Block  Signal  Operation.   A  Practical 

Manual.    Oblong,  cloth.    Second  Edition  $1.50 

DIBDIN,  "W.  J.    Chemical  Technology ;  or.  Chemistry 

in  its  Application  to  Aris  and  Manufaotnics,  witli  which  is  incorporated 
Richardson  and  Watts'  Chemical  Tecliuohigy.  Vol.  IV.  Electric 
Lighting,  I5y  A.  G.  Cooke,  M.  A.  ;  Photometry,  by  W.J.  Dibdin,F. 
I.  C.  With  tables,  diagrams,  figures  aud  plates.  8vo,  cloth,  illus- 
trated, 378  pages  net.  $3.50 

 Purification  of  Sewage  and  "Water.    "With  Tables, 

engravings,  and  folding  plates.    8v<),  ch^tii,  illustrated  $6.50 

DIETERICH,  KARL.     Analysis  of  Resins,  Balsams 

and  Gum  Resins  ;  Iheir  Chemistry  and  Pliarmacognosis.  For  the  use 
of  the  Scientific  and  Technical  Research  Chemist.  With  a  Bibliog- 
raphy. Translated  from  the  German,  by  Chas.  Salter.  8vo,  cloth. 
. .".  net,  $.3.00 

DIXON,  D.  B.    The  Machinist's  and  Steam  Engineer's 

Practical  Calculator.  A  Compilation  of  Useful  Rules  and  Problems 
arithmetically  solved,  together  with  General  Information  applicable 
to  Shop-Tools,  Mill-Gearing,  Pulleys  and  Shafts,  Steam-Boilers  and 
Engines.  Embracing  valuable  Tables  and  Instruction  in  Screw-cutting, 
Valve  and  Link  Motion,  etc.  Third  edition.  16mo,  full  morocco, 
pocket  form  $1.25 

DODD,  GEO.    Dictionary  of  Manufacttires,  Mining, 

Machinery,  and  the  Industrial  Ai-ts.    12mo,  cloth  81-50 

DORR,  B.  F.   The  Surveyor's  Guide  and  Pocket  Table 

Book.  Fifth  Editio7i.  Ihoroughly  revined  and  greatly  extended. 
With  a  second  appendix  up  to  date.    16mo,  morocco  flaps   $2.00 

DRAPER,  C.  H.    An  Elementary  Text  Book  of  Light, 

Heat  and  Sound,  with  Mumerous  Examples.  Fourth  edition.  12mo, 
cloth.    Illustrated  $1.00 

 Heat  and  the  Principles  of  Thermo-Djmamics. 

With  many  illustrations  and  numerical  examples.   12mo,  cloth.  $1.50 

DYSON,  S.  S.    Practical  Testing  of  Raw  Materials; 

A  Concise  Hand-book  for  Manufacturers,  Merchants,  and  Users  of 
Chemicals,  Oils,  Fuels,  Gas  Residuals,  and  By- Products,  and  Paper- 
Making  Materials,  with  Chapters  on  Water  Analysis  and  the  Testing 
of  Trade  Effluents.    8vo,  cl.,  ill.,  177  pages  net.  $5.00 
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ERFURT,  JULIUS.  Dyeing  of  Paper  Pulp ;  a  practi- 
cal treatise  for  tlie  use  of  paper-makers,  paper-staiuers,  stiideuts  and 
others.  With  ilhistrations  and  157  patterns  of  paper  dyed  in  the  pulp, 
■with  formulas  for  each.  Translated  into  English  and  edited,  with  ad- 
ditions, by  Julius  Hiibner,  F.  C.  S.   8vo,  cloth,  illustrated  .net.  $7.50 

 Maximum   Stresses  under  Concentrated  Loads. 

Treated  graphically.    Illustrated.    8vo,  cloth  $1.50 

EISSLER,  M.    The  Metallurgy  of  Gold;  a  Practical 

Treatise  on  the  Metallurgical  Treatment  of  Gold-Bearing  Ores,  in- 
cluding the  Processes  of  Concentration  and  Clilorination,  and  the 
Assaying,  Melting  and  Kefiuing  of  Gold.  Fifth  Edition,  revised 
and  (jri  atJij  enlarged.  Over  300  illustrations  and  numerous  fold- 
ing plates.    8vo,  cloth  $7.50 

EISSLER,  M.  The  Hydro-Metallurgy  of  Copper.  Being 

an  account  of  processes  adopted  in  the  Hydro- Metallurgical  treatment 
of  Cupriferous  Ores,  including  the  manufacture  of  Copper  Vitriol.  With 
chapters  on  the  sources  of  supply  of  Copper  and  the  Roasting  of 
Copper  Ores.  With  numerous  diagrams  and  figures.  870,  cloth, 
illustrated  7iet,  $4.50 

 The  Metallurgy  of  Silver;  a  Practical  Treatise  on 

the  Amalgamation,  Koasting  and  Lixivation  of  Silver  Ores,  including 
the  Assaying,  Melting  and  Refining  of  Silver  Bullion.  124  Ulustra- 
tions.    Second  J'jdition,  enlarged.    8vo,  cloth  $4.00 

  The  Metallurgy  of  Argentiferous  Lead ;  a  Practical 

Treatise  on  the  Smelting  of  Silver-Lead  Ores  and  the  Refining  of 
Lead  Bullion.  Including  Reports  on  Various  Smelting  Establish- 
ments and  Descriptions  of  Modern  Smelting  Furnaces  and  Plants  in 
Europe  and  America.    With  183  illustrations.    8vo,  cloth  ,$5.00 

 Cyanide  Process  for  the  Extraction  of  Gold  and  its 

Practical  Application  on  the  Witwatersrand  Gold  Fields  in  South 
Africa.  Third  edition,  revised  and  enlarged.  Illustrations  and  fold- 
ing plates.    8vo,  cloth  $3.00 

 A  Hand-book  on  Modern  Explosives,  being  a  Prac- 
tical Treatise  on  the  Manufacture  and  use  of  Dynamite,  Gun  Cotton, 
Nitro-Glycerine  and  other  Explosive  Compounds,  including  the  man- 
ufacture of  Collodion-cotton,  with  chapters  on  explosives  in  practical 
apphcation.  Second  Edition,  enlarged  with  150  illustrations. 
12mo,  cloth  $5.00 

ELIOT,  C.  W.,  and  STORER,  F.  H.    A  Compendious 

Manual  of  Qualitative  Chemical  Analysis.  Revised  with  the  co-oper- 
ation of  the  authors,  by  Prof.  William  R.  Nichols.  Illustrated. 
Twentieth.  Edition,  newly  revised  bi/  Prof.  \V.  B.  Lindsay. 
12mo,  ch)th    nei  $1.25 

ELLIOT,  Maj.  GEO.  H.  European  Light-House  Sys- 
tems. B<'ing  a  Report  of  a  Tour  of  Inspection  made  in  1873.  51 
engravings  and  21  woodcuts.    8vo,  cloth  $5.00 
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EDDY,  Prof.  H.  T.    Researches  in  Graphical  Statics. 

Embraciug  New  CouBtructious  iu  Graphical  Statics,  a  New  General 
Method  iu  Graphical  Statics,  and  the  Theory  of  Internal  Stress  in 
Graphical  Statics.    8vo,  cloth    $1.50 

EVERETT,  J.  D.    Elementary  Text-Book  of  Physics. 

lUustrated.    ,S<  r<  nth  JCiUnon.    V'mo,  cloth  $1.50 

EWING,  Prof.  A.  J.    The  Magnetic  Induction  in  Iron 

auil  other  metals.  'Jhird  edition,  rtii  isi  d.  159  illustrations.  8vo, 
cloth  $4  00 

FAIRIE,  JAMES,  F.  G.  S.   Notes  on  Lead  Ores  ;  their 

Distribution  and  Properties.    TJuio,  cloth  SI. 00 

  Notes  on  Pottery  Clays  ;  the  Distribution,  proper- 
ties, Uses  and  Anulvsis  of  Ball  Clays,  Ciiiua  Clays  and  China  Stone. 
With  tables  and  formulae.    12mo,  cloth  81.50 

FANNING,  J.  T.    A  Practical  Treatise  on  Hydraiilic 

and  Water-Supply  Engineering.  Relating  to  the  Hydrology,  Hydro- 
dynamics, and  Practical  Construction  of  Water-Works  iu  North 
America.  180  illustrations.  8vo,  cloth.  Hfteenth  Edition,  re- 
vined,  enlarged,  and  new  tablet!  and  illustrations  added.  650 
pages    $5.00 

FAY,  I.  W.   The  Coal-tar  Colors;  Origin  and  Chem_ 

istry.    8vo,  cloth,  illustrated  In  Press' 

FISH,  J.  C.  Ij.  Lettering  of  Working  Drawings.  Thir- 
teen plates,  with  descriptive  te.\t.    Obloug,  9xl2j,  boards  $1.00 

FISHER,  H.  K.  C.  and  DARBY,  W.  C.  Students' 

(iuide  to  Submarine  Cable  Testing.  Third  (new  and  enlarged)  edi- 
tion.   8v<),  cloth,  illustrated  $:i.50 

FISHER,  "W.  C.    The  Potentiometer  and  its  Adjimcts. 

8vo,  cloth  §2.25 

FISKE,  Lieut.  BRADLEY  A.,  IT.S.N.    Electricity  in 

Theory  and  I'ractice  ;  or.  The  Elements  of  Electrical  Engineering. 
Eighth  Kdilion.    8vo,  cloth   $2.50 

FLEISCHMANN,  W.  The  Book  of  the  Dairy.  A  Man- 
ual of  the  Science  and  I'ractice  of  Daii-j'  Work.  Translated  from  the 
German,  by  C.  M.  Aikman  and  K.  Patrick  Wright.   8vo,  cloth.. .$4.00 

FLEMING,  Prof.  J.  A.  The  Alternate  Current  Trans- 
former in  Theory  and  Practice.  Vol.  I — The  Induction  of  Electric 
Currents;  611  pages.  New  edition.  Illustrated.  8vo,  cloth.  .  .$o.  00 
Vol.  2,  The  Utilization  of  Induced  Currents.  Illustrated.  8vo, 
cloth  $5.00 

  Centenary  of  the  Electrical  Current,  1799-1899. 

8vo,  paper,  illustrated  5o 
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FLEMING.  Prof.  J.  A.    Electric  Lamps  and  Electric 

Ligliting.  Being  a  course  of  four  lectures  delivered  at  the  Royal  In- 
stitution, April-May,  1894.    8vo,  cloth,  fully  illustrated  $3.00 

  Electrical  Laboratory  Notes  and  Forms,  Elemen- 
tary and  advanced.    4to,  cloth,  illustrated  $5.00 

  A  Handbook  for  the  Electrical  Laboratory  and 

Testing  Koom.    2  volumes.    8vo,  cloth  each  $5.00 

FLEURY,  HENRY.    The  Calculus   Without  Limits 

or  lufinitesmiils.    Translated  by  C.  O.  Mailloux  In  Press. 

FOLEY,   NELSON    and   THOS.   PRAY,   Jr.  The 

Mechanical  Engineers'  Reference  Book  for  Machine  and  Boiler  Con- 
struction, in  two  parts.  Part  1 — General  Engineering  Data.  Part  2 
— Boiler  Construction.  With  fifty-one  plates  and  numerous  illustra- 
tions, specially  drawn  for  this  work.    Folio,  half  morocco  $25.00 

FORNEY,  MATTHIAS  N.    Catechism  oftheLocomo- 

live.  Second  Edition,  revised  and  enlarged  Forty-sixth  thousand. 
8vo,  cloth  $3.50 

FOSTER,  Gen.  J.  G.,  U.S.A.    Submarine  Blasting  in 

Boston  Harbor,  Massachusetts.  Removal  of  Tower  and  Corwin 
Rocks.    Illustrated  with  7  plates.    4to,  cloth  $3.50 

FOSTER,  H.  A.     Electrical  Engineers'  Pocket  Book. 

With  the  Collaboration  of  Eminent  Specialists.  A  handbook  of  use- 
ful data  for  Electricians  and  Electrical  Engineers.  With  innumerable 
tables,  diagrams  and  figures.  Second  edition,  revised.  Pocket  size, 
full  leather,  1000  pages  $5.00 

FOSTER,  JAMES.     Treatise  on  the  Evaporation  of 

Saccharine,  Chemical  and  other  Liquids  by  the  Multiple  System  in 
Vacuum  and  Open  Air.  Third  Edition.  Diagrams  and  large 
plates.    8vo,  cloth   $7.50 

FOX,  WM.,  and  C.  W.  THOMAS,  M.  E.   A  Practical 

Course  in  Mechanical  Drawing.  Second  edition,  revised.  12mo, 
cloth  with  plates  $1.25 

FRANCIS,  Jas.  B.,  C.E.  Lowell  Hydraulic  Experi- 
ments. Being  a  selection  from  experiments  on  Hydraulic  Motors, 
on  the  Flow  of  Water  over  Weirs,  in  open  Cauals  of  uniform  rec- 
tangular section,  and  through  submerged  Orifices  and  diverging 
Tubes.  Made  at  Lowell,  Mass.  Fourth  edition,  revised  and 
enlarged,  with  many  new  experiments,  and  illustrated  with  23 
copper- plate  engravings.     4to,  cloth  $15.00 

FULLER,  GEORGE  W.    Report  on  the  Investigations 

into  the  Purification  of  the  Ohio  River  Water  at  Louisville,  Ken- 
tucky, made  to  the  President  and  Directors  of  the  Louisville  Water 
Company.  Published  under  agreement  with  the  Directors.  3  full 
page  plates.    Ito,  cloth  net,  $10.00 
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FURNEIili,  JOHN.      Students'  Manual   of  Paints, 

Colors,  Oils  and  Varuisbes.    8vo,  cloth,  illusliateU  In  I'uks. 

GARCKE,  EMILE,  and  J.  M.  FELLS.    Factory  Ac- 

counts  ;  their  principles  ami  practice.  A  hiiudbuok  for  accountants  and 
manufacturers,  with  appendices  on  the  nomenclature  of  machine  de- 
tails, the  rating  of  factories,  fire  and  boiler  insurance,  the  factory  and 
■workshop  acts,  et'i.,  including  also  a  large  number  of  specimen  rul- 
ings.   Fifth  edition,  revixed  and  extended.   8vo,  cloth,  ill  us...  $100 

GEIPEL,  WM.  and  KILGOUR,  M.  H.   A  Pocketbook 

of  Electrical  Eugiuiering  FormuUe.     Illustrated.     18uio,  nior.  S^.UO 

GERBER,  NICHOLAS.  Chemical  and  Physical  An- 
alysis of  Milk,  Condensed  Milk  and  Infant's  Milk-Food.  Svo, 
cloth  $1.25 

GERHARD,  WM.  P.    Sanitary  Engineering.  12mo, 

cloth   $1.25 

GESCHWIND,  LUCIEN.    Manufacture  of  Alvun  and 

yulphates,  ami  other  Salts  of  Alumuia  and  Iron  ;  their  uses  ami  ap- 
plications as  mordants  in  dyeing  and  calico  printing,  and  their  other 
applications  in  the  Arts,  Manufactures,  Sanitary  Engineering,  Agri- 
culture and  Horticulture.  Translated  from  the  French  by  Charles  Sal- 
ter.   With  tables,  figures  and  diagrams.    Svo,  cloth,  illus..  .net.  $5.00 

GIBBS,  WILLIAM  E  Lighting  by  Acetylene,  Gen- 
erators, Burners  and  Electric  Furuaces.  With  Gtj  illustrations.  iSic- 
ond  edition  revixed.    ]2mo,  cloth  81. .SO 

GILLMORE,  Gen.  Q.  A.    Treatise  on  Limes,  Hyraulic 

Cements,  and  Mortars.  Papers  on  Practical  Engineering,  Unit*'d 
States  Engineer  Department,  No.  9,  containing  Reports  of  numerous 
Experiments  conducted  in  New  York  City  during  the  years  18.'>8  to 
1861,  inclusive.    With  numerous  illustrations.    8vo,  cloth  84.00 

  Practical  Treatise  on  the  Construction  of  Roads, 

Streets,  and  Pavements.  Tenth  Edition.  With  70  illustrations. 
Time,  cloth  Si.  GO 

 Report  on  Strength  of  the  Building  Stones  in  the 

United  States,  etc.    8vu,  illustrated,  cloth  8100 

GOLDING,   HENRY  A.     The   Theta-Phi  Diagram. 

Practically  applied  to  Steam,  Gas,  Oil  and  Air  Engines.  12  mo,  cloth. 
Illustrated  net,  81.25 

GOODEVE,  T.  M.   A  Text-Book  on  the  Steam-Engine. 

With  a  Supplement  on  Gas- Engines.  Tirelfth  Kdiliun,  enlaryi  d. 
143  illustratious.    12mo,  cloth  82.00 

GORE,  G.,  F.  R.  S.  The  Art  of  Electrolytic  Separa- 
tion of  Metals,  etc.  (Theoretical  and  Practical. )  Illustrated.  Svo, 
cloth  $3.50 
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GOULD,  E.  SHERMAN.    The  Arithmetic  of  the  Steam 

Engine.    8vo,  cloth  $1.00 

 :  Practical  Hydrostatics  and  Hydrostatic  Formu- 
las. With  numeroua  figures  and  diagrams  (  Van  Nostrand'n  Science 
Series,  iVo.  117.)    16mo,  cloth,  illiis.,  114  jDages  $0.50 

GRAY,  JOHN  B.Sc.     Electrical  Influence  Machines; 

their  Historical  Developement,  and  Modern  Forms,  with  instructions 
for  making  them.  With  numerous  figures  and  diagrams.  Second 
edition,  revised  and  enlarged.    12mo,  cloth,  illustrated,  296  pp. .$2. 00 

GRIFFITHS,  A.  B.,  Ph.D.    A  Treatise  on  Manures, 

or  the  Philosophy  of  Manuring.  A  Practical  Hand-Book  for  the 
Agriculturist,  Manufacturer,  and  Student.    12mo,  cloth  $3.00 

 Dental  Metallurgy ;  A  Manual  for  Students  and 

Dentists.    8vo,  cloth,  illustrated,  208  pages  net,  .$3.50 

GROSS,  EMANUEL.  Hops,  in  their  Botanical,  Agri- 
cultural and  Technical  Aspect,  and  as  an  article  of  Commerce.  Trans- 
lated fi'om  the  German  by  Cliarles  Salter.  With  tables,  diagrams  and 
illustrations.    8vo,  cloth,  illustrated  net.  $4.50 

GROVER,  FREDERICK.  Practical  Treatise  on  Mod- 
em Gas  and  Oil  Engines.    8vo,  cloth.    Illustrated  $2 .00 

GRUNER,  ANTON.     Power-loom  Weaving  and  Yarn 

Numbering,  according  to  various  systems,  with  conversion  tables.  An 
auxiliary  and  text-book  for  pupils  of  weaving  schools,  as  well  as  for 
seLf-instructiou,  and  for  general  use  by  those  engaged  in  the  weaving 
industry.    Illustrated  with  colored  diagrams.   Svo,  cloth. .  .?ie<.  $3.00 

GURDEN,  RICHARD   LLOYD.     Traverse  Tables: 

computed  to  4  places  Decimals  for  every  "  of  angle  up  to  100  of  Dis- 
tance. For  the  use  of  Surveyors  and  Engineers.  JVew;  Edition. 
Folio,  half  morocco  $7.50 

GUY,  ARTHUR  F.    Electric  Light  and  Power,  giving 

the  Result  of  Practical  Experience  in  Central-Station  Work.  8vo, 
cloth .    Illustrated    $2.50 

GUY,  A.  E.    Experiments  on  the  Flexure  of  Beams, 

resulting  in  the  Discovery  of  New  Laws  of  Failure  by  Buckling. 
Reprinted  from  the  "American  Machinist."    With  diagrams  and 

folding  plates.    8vo,  cloth,  illustrated,  122  pages   net.  $1.25 

Postage,  .10 

HAEDER,  HERMAN,  C.  E.  A  Handbook  on  the  Steam 

Engine.  With  especial  reference  to  small  and  medium  sized  engines. 
For  the  use  of  Engine  Makers,  Mechanical  Draughtsmen,  Engineer- 
ing Students  and  Users  of  Steam  Power.  Translated  from  the  Ger- 
man, with  considerable  additions  and  alterations,  by  H.  H.  P.  Powles. 
Third  English  edition,  revised.    8vo,  cloth,  illus.,  458  pages. .  .$3.00 
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HAIiIi,  WM.  S.  Prof.     Elements  of  the  Differential 

and  Integral  Calculus.  Fourtfi  edition,  revised.  8vo,  cloth.  Illus- 
trated net,  82.25 

  Descriptive  Geometry,  with  numerous  Problems 

aud  Practical  Applications.     Comprising  an  Hvo  volume  of  76  pages 

of  test  aud  a  4to  atlas  of  31  plates.    2  vols.,  cl  net.  $3.50 

Postage.  .32 

HAliSEY,  F.  A.    Slide  Valve  Gears,  an  Explanation 

of  the  action  aud  Construction  of  Plaiu  and  Cut-oflf  Slide  Valves. 
Illustrated.    12mo,  cloth.    Seventh  Edition  81-50 

  The  Use  of  the  Slide  Rule.   With  illustrations  and 

folding  plates.  Second  edition.  16mo,  boards.  (  Van  KoKtrand's 
Science  Series,  No.  114.)  80.50 

 The  Locomotive  Link  Motion,  with  Diagrams  and 

Tables.    8vo.  cloth,  illustrated  81.00 

  Worm  and  Spiral  Gearing.     Itcriscd  and  enlarged  edition. 

16mo,  cloth  (Van  Nostrand's  Science  Series,  No.  116).    Illust'd.  .8II.50 

 The  Metric  Fallacy,  and  "  The  Metric  Failure  in 

the  Textile  Industry,"  by  Samuel  S.  Dale.    8vo,  cl.,  illustrated  $1.00 

HAMILTON,  W.  G.    Useful  Information  for  Railway 

Men.  'J'cnth  Edition,  revi.'nd  and  enlarged.  562  pages,  pocket 
form.    Morocco,  gilt  82.00 

HAMMER,  W.  J.    Radium,  and  other  Radio-active 

Substances  ;  Polonium,  Actinium  and  Tliorinm.  With  n  considera- 
tion of  Phosphorescent  and  Fluorescent  Substances,  the  I'roperties 
and  Applications  of  Selenium,  and  the  treatment  of  disease  by  tlie 
Ultra- Violet  Light.  With  diagrams,  engravings  aud  Photograpliic 
plates.    8vo,  cloth,  illustrated,  72  pp  81-00 

HANCOCK,  HERBERT.   Text-Book  of  Mechanics  and 

Hydrostatics,  with  over  500  diagrams.     8vo,  cloth   81-75 

HARRISON,    W.   B.     The   Mechanics'   Tool  Book. 

W'itli  Practical  Eules  and  Suggestions  for  use  of  Machinists,  Iron- 
Workers,  aud  others.  Illustrated  with  44  engravings.  12mo, 
cloth  81-50 

HART,  JOHN  W.      External  Plumbing  Work ;  a 

Treatise  on  Lead  W(uk  for  lioofs.  With  nuuieruus  ligurea  and  dia- 
grams.   8vo,  cloth,  illustrated  ;u7,.?i.(IO 

—  Hints  to  Plumbers  on  Joint  Wiping,  Pipe  Bend- 
ing and  Lead  Burning.  Containing  184  figures  and  diagrams.  Hvo, 
cloth,  illustrated  net,  83.00 

 Principles  of  Hot  Water  Supply.    With  nuxnerous 

illustrations.    8vo,  cloth  net,  83.00 
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HASKINS,  C.  H.    The  Galvanometer  and  its  Uses. 

A  Manual  for  Electriciiins  and  Students.  Fourth  edition.  12mo, 
cloth  $1.50 

HAUFF,  W.  A.  American  Multiplier ;  Multiplications 

and  Divisions  of  the  largest  numbers  rapully  performed.    With  index 
giving  the  results  instantly  of  all  numbers  to  1000  x  1000  =  1,000,000  ; 
also  tables  of  circumferences  and  areas  of  circles.     Cloth,  6J  x  15J. 
 $5.00 

HAUSBRAND,  E.     Drying  by  Means  of  Air  and 

steam.  With  explaufitions,  formulas  and  tables,  for  use  in  practice. 
Translated  from  the  German  by  A.  C.  Wright,  M.  A.  12mo,  cloth, 
illustrated  $2.00 

Evaporating,  Condensing  and  Cooling  Apparatus  ; 

Explanations,  FormnLne,  and  Tables  for  Use  in  Practice.  Translated 
from  the  Second  Revised  German  Edition  by  A.  U.  Wright,  M.  A. 
With  numerous  figures,  tables  and  diagrams.  8vo,  cloth,  illustrated, 
400  pages  net.  $5.00 

HAUSNER,  A.   Manufacture  of  Preserved  Foods  and 

Sweetmeats.  A  Hamlbook  of  all  the  Processes  for  the  Preservation  of 
Flesh,  Fruit,  and  Vegetables,  and  for  the  Preparation  of  Dried  Fruit, 
Diied  Vegetables,  Marmalades,  Fruit-Syrups,  and  Fermented  Bever- 
ages, and  of  all  kinds  of  Candies,  Candied  Fruit,  Sweetmeats,  Rocks, 
Drops,  Dragees,  Pralines,  etc.  Translated  from  the  Third  Enlarged 
German  Edition,  by  Arthur  Morris  and  Herbert  Robson,  B.  Sc.  8vo, 
cloth,  illustrated,  223  pages    net,  $'!.00 

HAWKE,  WILLIAM  H.  The  Premier  Cipher  Tele- 
graphic Code  Containing  100,000  Words  and  Phrases.  The  most  com- 
plete and  most  useful  general  code  yet  published,    ito,  cloth  .$5.00 

  100,000  Words  Supplement  to  the  Premier  Code. 

All  the  words  are  selected  from  the  official  vocabulary.  Oblong 
quarto,  cAoth  $5.00 

HAWKINS,  C.  C,  and  WALLIS,  F.     The  Dynamo; 

its  Theory,  Design  and  Manufacture.     190  illustrations,  12mo,  cloth, 
 $3.00 

HAY,    ALFRED.     Principles  of  Alternate  -  Current 

Workiug.    12mo,  cloth,  illustrated  $2.00 

HEAP,  Major  D.  P.,  U.  S.  A.  Electrical  Appliances  of 

the  Present  Day.  Report  of  the  Paris  Electrical  ExiJositiou  of  1H8I. 
2.">0  illustrations.    8vo,  ch)th  $2.00 

HEAVISIDE,   OLIVER,      Electromagnetic  Theory. 

Hvo,  cloth,  two  voluiiK-s  each,  $.).00 

HEERMANN,  PAUL.  Dyers'  Materials:  an  intro- 
duction to  tht^  Examination,  Valuation  and  Application  of  the  most 
important  substances  used  in  Dyeing,  Printing,  Bleaching  and  Fin- 
isiiing.  Translated  by  Arthur  C.  Wright,  M.  A.  12mo,  cloth,  illus- 
trated    net,  $2.50 
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HENRICI,  OLAUS.    Skeleton  Structures,  Applied  to 

the  Btiildiug  of  Steel  aiul  Irou  Bridges.    8vo,  cl.,  Dlustrated. .  .$1.50 

HERRMANN,    Gustav.     The    Graphical    Statics  of 

Mecliimism.  A  Guide  for  the  Use  of  Macliiuists,  Architects,  and 
Engineers  ;  and  also  a  Text-book  for  Technical  Schools.  Translated 
and  annotated  by  A.  P.  Smith,  M.  E.  ]2mo,  cloth,  7  folding 
plates.    Fourth  Edition  $2.00 

HERMANN,  FELIX.  Painting  on  Glass  and  Porce- 
lain and  Enamel  Painting.  On  the  Basis  of  Per.soual  Practical  Ex- 
perience of  the  Condition  of  the  Art  up  to  date.  Translated  by 
Charles  Salter.  Srcond  iji-cafli/  enlarged  edition.  8vo,  cloth. 
Illustrated  net,  83.50 

HERZFELD,  DR.  J.   The  Technical  Testing  of  Yams 

and  Textile  Fabrics,  with  reference  to  official  specifications.  Trans- 
lated by  Chas.  Salter.    With  69  illustrations.     8vo,  cloth,  .ne^  83.50 

HE  WSON,  WM.  Principles  and  Practice  of  Embanking 

Lands  from  Kiver  Floods,  as  apjjlied  to  tlie  Levees  of  the  Mississippi. 
Svo,  cloth  82.00 

HILIi,  JOHN  W.    The  Purification  of  Public  Water 

Supplies.    Illustrated  with  vaJuable  Tables,  Diagrams  and  Cuts. 

Svo,  cloth,  304  pages  $3.00 

 Interpretation  of  Water  Analysis.    P^mo,  cloth. 

 In  Press. 

HOBBS,  W.  R.  P.  The  Arithmetic  of  Electrical  Meas- 
urements, with  niinierous  examples,  fully  worked.  Revised  by 
Richard  Wormeli,  M.  A.    Ninth  edition.  'l2mo,  cloth  i;0.5b 

HOFF,  WM.  B.,  Com.  U.  S.  Navy.   The  Avoidance  of 

Collisions  at  Sea.     ISmo,  morocco  75 

HOLLiE  Y,  ALEXANDER  L.  Railway  Practice.  Ameri- 
can and  European  Railway  practice  in  the  Economical  Generation  of 
Steam,  including  the  Materials  and  Construction  of  Coal-burning 
Boilers,  Combustion,  the  Variable  Blast,  Vaporization,  Circulation, 
Superheating,  Supplying  and  Heating  Feed  Water,  etc.,  and  the 
Adaptation  of  Wood  and  Coke-burnrng  Engines  to  Coal-burning ;  and 
in  Permanent  Way,  including  Road-bed,  Sleepers,  Rails,  Joint  Fasten- 
ings, Street  Railways,  etc.  With  77  lithographed  plates.  Folio, 
cloth  $12.00 

HOLMES,  A.  BROMLEY.  The  Electric  Light  Popu- 
larly Explained.    Fifth  Edition.    Illustrated.    12mo,  paper. .  .80.40 

HOPKINS,  NEVIL  M.     Model  Engines  and  Small 

Boats.  New  Methods  of  Engine  and  Boiler  Making  with  a  chapter  on 
Elementary  Ship  Design  and  Construction.    Timo,  cloth  81.25 

HOSPITALIER,  E.   Polyphased  Alternating  Currents. 

Illustrated.    8vo,  cloth  $1.40 
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HOWARD,  C.  R.  Earthwork  Mensuration  on  the  Basis 

of  the  Prismoidal  Formulae.  Containing  Simple  and  Labor-saving 
Method  of  obtaining  Prismoidal  Contents  directly  from  End  Areas. 
Illustrated  by  Examples  and  accompanied  l)y  Plain  Rules  for  Practi- 


cal Uses.    Illustrated.    8vo,  cloth  $1.50 

HOWORTH,  J.    Art  of  Repairing  and  Riveting  Glass, 

China  and  Earthenware.  Second  edition..  8vo,  pamphlet,  illus- 
trated net,  $0.50 


HUBBARD,    ERNST.     The   Utilization    of  Wood- 

Wnste  :  a  Complete  Account  of  the  Most  Advantageous  Methods  of 
Working  Up  Wood  Refuse,  especially  Sawdust,  Exhausted  Dye 
Woods  and  Tan  as  Fuel,  as  a  Source  of  Chemical  Products  for  Arti- 
ficial Wood  Compositions,  Explosives,  Manures,  and  many  other  Tech- 
nical Purposes.  Translated  from  the  German  of  the  Sceond  revised 
and  enlarged  edition.    8vo,  cloth,  illustrated,  192  pages.  .  .net.  $2.50 

HUMBER,  WILLIAM,  C.  E.   A  Handy  Book  for  the 

Calculation  of  Strains  in  Girders,  and  Similar  Structures,  and  their 
Strength  ;  Consisting  of  Formulae  and  Corresponding  Diagrams,  with 
numerous  details  for  practical  application,  etc.    Fourth  Edition. 


12mo,  cloth  $2.50 

HURST,  GEO.  H.,  F.  C.  S.    Color;  a  Hand-book  of 

the  Theory  of  Color.  A  practical  work  for  the  Artist,  Art  Student, 
Painter,  Dyer  and  Calico  Printer  and  Others.  Illustrated  with  10 
colored  plates  and  72  illustrations.    8vo,  cloth  net,  $2.50 

  Dictionary  of  Chemicals  and  Raw  Products  used 

in  the  Manufacture  of  Paints,  Colors,  Varnishes  and  Allied  Prepara- 
tions.   8vo,  cloth  $3.00 

  Lubricating  Oils,  Fats  and  Greases ;  Their  Origin, 

Preparation,  Properties,  Uses  and  Analysis.  313  pages,  with  05  illus- 
trations.    8vo,  cloth  net,  $3.00 

 Soaps;  A  Practical  Manual  of  the  Manufacture  of 

Domestic,  Toilet  and  other  Soaps.  Illustrated  with  66  Engravings. 
8vo,  cloth  net,  $5.00 

HUTCHINSON,  W.  B.      Member  of  the  New   York  Bar. 
Patents  and  How  to  Make  Money  out  of  Them.    12mo,  cloth.  ...$1.25 


HUTTON,  W.  S.  Steam  Boiler  Construction.  A  Prac- 
tical Hand  Book  for  Engineers,  Boiler  Makers  and  Steam  Users. 
Containing  a  large  collection  of  rules  and  data  relating  to  recent 
practice  in  the  design,  construction,  and  working  of  all  kinds  of 
stationary,  locomotive  and  marine  steam-boilers.  With  upwards  of 
540  illustrations.  Fourth  Edition,  carefully  revised  and  much  en- 
larged.    Svo,  cloth  $6.00 

  Practical  Engineer's  Hand-Book,  Comprising  a 

treatise  oa  Modern  Engines  and  Boilers,  Marine,  Locomotive  and 
Stationary.  Fourth  Edition.  Carefully  revised  with  additions. 
With  upwards  of  570  illustrations.    8\o,  cloth  $7.00 
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HART,  JOHN  W.    The  Works'  Manager's  Hand-Book 

of  Modern  Rules,  Tables,  and  Data  for  Civil  aud  Mocbanical  Engineers. 
Millwrights  aud  Boiler-makers,  etc. ,  etc.  With  upwards  of  150  illus- 
trations. Fifth  J-Jditioti.  Carefully  reviwd,  iri/h  additions.  8vo, 
cloth  ■  '.  86.00 

INGLE,  HERBERT.    Manual  of  Agricultural  Chem- 
istry.   8vo,  cloth,  illustrated,  388  pages  net.  $3.00 

INNES,  CHARLES  H.   Problems  in  Machine  Design, 

For  the  Use  of  Students,  Draughtsmen  and  others.  Second  edition. 
12mo,  cloth  net,  $2.00 

Centrifugal  Pumps,  Turbines,  and  "Water  Motors. 


Including  the  Theory  aud  Practice  of  Hydraulics.  Third  and  en- 
larged edition.     12mo,  cloth   Hc<,  82.00 

ISHERWOOD,  B,  F.  Engineering  Precedents  for  Steam 

Machinery.  Arranged  in  the  most  practical  and  useful  manner  for 
Engineers.    With  illustrations.    2vols.ini.     8vo,  cloth  82.50 

JAMIESON,  ANDREW.  C.E.   A  Text-Book  on  Steam 

and  Steam-Engines.  Specially  arranged  for  the  use  of  Science  and 
Art,  City  and  Guilds  of  London  Institute,  and  other  Engineering 
Students.    Thirteenth  Edition.    Illustrated.    12mo,  cloth  83.00 

 Elementary  Manual  on  Steam  and  the  Steam  En- 
gine. Specially  arranged  for  the  use  of  First-Year  Science  aud  Art, 
City  aud  Guilds  of  London  Institute,  and  other  Elementary  Engineer- 
ing Students.     Third  Edition.    12mo,  cloth  81.50 

JANNETTAZ,  EDWARD.  A  Guide  to  the  Determina- 
tion of  Kocks  :  being  an  Introduction  to  Lithology.  Translat^-d  from 
the  French  by  G.  W.  Plympton,  Professor  of  Physical  Science  at 
Brooklyn  Polytechnic  Institute.    12mo,  cloth  81-50 

JEHL,  FRANCIS.  Member  A.  I.  E.  E.  The  manu- 
facture of  Carbons  for  Electric  Lighting  aud  Other  Purposes.  A 
Practical  Hand-book,  giving  a  complete  description  of  the  art  of  mak- 
ing carbons,  electros,  etc.  The  various  gas  generators  and  furnaces 
used  in  carbonising,  with  a  plan  for  a  model  factory.  Illustrated  with 
numerous  diagrams,  tables  and  folding  plates.  8vo,  cloth,  illus'd  84.00 

JENNISON,  FRANCIS  H.   The  Manufacture  of  Lake 

Pigments  from  Artificial  Colors.  A  useful  handbook  for  color  nlauu- 
facturers,  dyers,  color  chemists,  paint  manufacturers,  drysalters, 
wall-paper  makers,  enamel  and  surface-paper  makers.  With  fifteen 
plates  illustrating  the  various  metliods  and  errors  that  arise  in  the 
different  processes  of  production.     Hvo,  cloth,  illustrated    .  net,  $3.00 

JOHNSON,  W.  McA.      "  The  Metallurgy  of  Nickel." 

  .  .  .In  Press. 

JOHNSTON,  Prof  J.  F.  W.,  and  CAMERON,  Sir  Chas. 

Elements  of  Agricultural  Chemistry  aud  Geologv.  Seventeenth  Edi- 
tion.   12mo,  cloth  ."  82.60 
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JONES,  HARRY  C.     Outlines  of  Electrochemistry. 

With  tables  and  diagrams.    4to,  cloth,  illustrated  $1.50 

JONES,  M.  W.    The  Testing  and  Valuation  of  Raw 

Materials  used  in  Paint  and  Color  Manufacture.  12mo,  c\...net.  $2.00 

JOYNSON,  F.  H.     The  Metals  used  in  Construction. 

Iron,  Steel,  Bessemer  Metal,  etc.    Illustrated.    12mo,  cloth  75 

  Designing  and  Construction  of  Machine  Gearing. 

Illustrated.    8vo,  cloth  $2.00 

JTJPTNER,  HANNS  F.  V.  Siderology.   The  Science  of 

of  Iron.  (The  Constitution  of  Iron  Alloys  and  Iron.)  Translated 
from  the  German.    8vo,  cloth,  345  pages,  illustrated  net.  $5.00 

KANSAS  CITY  BRIDGE,  THE    With  an  Account  of 

the  Regimen  of  the  Missouri  River  and  a  Description  of  the  Methods 
used  for  Founding  in  that  River.  By  O.  Chanute,  Chief  Engineer,  and 
George  Morrison,  Assistant  Engineer.  Illustrated  with  5  lithographic 
views  and  12  plates  of  plans.    4to,  cloth  $6.00 

Bu^.PP,  GISBERT,  C.E.  Electric  Transmission  of  Ener- 
gy and  its  Transformation,  Subdivision,  and  Distribution.  A  Practical 
hand-book.    Fo^irth  Edition,  revised    12mo,  cloth  $3.50 

  Dynamos,  Motors,  Alternators  and  Rotary  Con- 
verters. Translated  from  the  Third  German  Edition,  by  Harold  H. 
Simmons,  A.  M.  I.  E.  E. ,  with  uumerous  diagrams  and  figures.  8vo, 
cloth,  507  pages  $4.00 

EEIM,  ADOLPH  W.     Prevention  of  Dampness  in 

Buildings  ;  with  Remarks  on  the  Causes,  Nature  and  Effects  of  Saline 
Efflorescences  and  Dry  Rot.  For  Architects,  Builders,  Overseers, 
Plasterers,  Painters  and  House  Owners.  Translated  from  the  Second 
revised,  German  edition.  With  colored  plates  and  diagrams.  Bvo, 
cloth,  illustrated,  115  pages  net.  $2.00 

KELSEY,  W.  R.     Continuous  Current  Dynamos  and 

Motors,  and  Their  Control ;  being  a  series  of  articles  re-printed  from 
The  Practical  Engineer,  and  completed  by  W.  R.  Kelsey.  With 
many  figures  and  diagrams.    Svo,  cloth,  illustrated.    440  pages,  $2.50 

KEMP,  JAMES  FURMAN,  A.  B.,  E.  M.     A  Hand- 

Book  of  Rocks  ;  for  use  without  the  microscope.  With  a  glossary 
of  the  names  of  rocks  and  of  other  lithological  terms.    Svo,  cloth,  il- 


lustrated $1.50 

KEMPE,  H.  R.    The  Electrical  Engineer's  Pocket 

Book  of  Modern  Rules,  Formul:©,  Tables  and  Data.  Illustrated. 
32mo.   Morocco,  gilt  $1.75 

KENNELiLY,  A.  E.    Theoretical  Elements  of  Electro- 
Dynamic  Machinery.    Bvo,  cloth   $1.50 
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KILGOUR,  M.  H.,  SWAN,  H.,  and  BIGGS,  C.  H.  W. 

Electrical  Distribution  ;  Its  Theory  and  Practice.  174  Illustrations. 
12mo,  cloth  $4.00 

KING,  W.  H.    Lessons  and  Practical  Notes  on  Steam. 

The  Steam-Engine,  Propellers,  etc.,  for  Young  Marine  Engineers, 
Students,  and  others.  Eevised  by  Chief  Engineer  J.  W.  King,  United 
States  Navy.    Nineteenth  Edition,  enlarged,    bvo,  cloth  $2.00 

KINGDON,  J.  A.  Applied  Magnetism.  An  introduc- 
tion to  the  Design  of  Electromagnetic  Apparatus.    8vo,  cloth.  ..$3.00 

KIRKALDY,  Wm.  G.   Illustrations  of  David  Kirk- 

aldy's  System  of  Mechanical  Testing,  as  Originated  and  Carried  On 
by  him  during  a  Quarter  of  a  Century.  Comprising  a  Large  Selection 
of  Tabulated  Results,  showing  the  Strength  and  other  Properties  of 
Materials  used  in  Construction,  with  Explanatory  Text  and  Historical 
Sketch.  Numerous  engravings  and  25  lithographed  plates.  4to, 
cloth  820.00 

KIRKBRIDE,  J.  Engraving  for  Illustration ;  Histor- 
ical and  Practical  Notes,  with  Illustrations  and  two  Plates  by  Ink  Pho- 
to Process.    8vo,  cloth,  illustrated.    72  pages  7Kt,  SI. 50 

KIRKWOOD,  JAS.  P.    Report  on  the  Filtration  of 

Kiver  Waters  for  the  supply  of  Cities,  as  practised  in  Europe,  m  ne 
to  the  Board  of  Water  Commissioners  of  the  city  of  St.  Louis.  Elus- 
trated  by  30  double-plate  engravings.    4to,  cloth  87.50 

KLEIN,  J.  F.    Design  of  a  High  Speed  Steam  Engine. 

With  Notes,  Diagrams,  Formulas,  and  Tables.  Hecond  Kdition  He- 
vised  and  Enlarged.    8vo,  cloth,  illustrated,  257  pages  net,  85.00 

KNIGHT,  AUSTIN  M.,  {Lieutenant- Commamkr  U.  S.  JV.) 
Modern  SeamaushiiJ.  Illustrated  with  136  full  page  plates  and  dia- 
grams. 8vo,  cloth,  illustrated.  Second  edition,  revised. .  .net  $6.00 
Half  morocco  $7.60 

KOLLER,  THEODOR.      The  Utilization  of  Waste 

Products.  A  Treatise  ou  the  Rational  Utilization,  Recovery  and 
Treatment  of  Waste  Products  of  all  kinds.  Translated  from  the  Ger- 
man Second  Revised  Edition.  With  numerous  diagrams.  8vo,  cloth, 
illustrated,  280  pages  net,  83.50 

 Cosmetics :  A  Handbook  of  the  Manufacture,  Em- 
ployment and  Testing  of  all  Cosmetic  JIaterials  and  Cosmetic  Special- 
ties. Translated  from  the  German  by  Chas.  Salter.  8vo, cloth,  ne^,  82.50 

KRAUCH,  Dr.  C.    Testing  of  Chemical  Reagents  for 

Purity.  Authorized  translation  of  the  Tliird  edition,  by  J.  A.  Wil- 
liamson and  L.  W^  Dupre.  With  additions  and  emendations  by  the 
author.     8vo,  cloth  net.  84.50 

LAMBERT,  THOMAS.    Lead,  and  Its  Compounds. 

With  tables,  diagrams  and  folding  plates.  8vo,  cloth,  illustrated, 
228  pages  net.  83.50 
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LAMBERT,  THOMAS  Bone  Products  and  Maniires: 

au  account  of  the  most  recent  improvements  in  the  manufacture  of 
Fat,  Glne,  Animal  Charcoal,  Size,  Gelatine  and  Manures.  With  plans 
and  diagrams.    8vo,  cloth.  Illustrated  ?ie^  $3.00 

LAMPRECHT,  ROBERT.    Recovery  Work  after  Pit 

Fires;  a  description  of  the  principal  methods  puisued,  especially  in 
fiery  mines,  and  of  the  various  appliances  employed,  such  as  respira- 
tory and  rescue  apparatus,  dams,  etc.  With  fokliug  plates  and  dia- 
grams. Translated  from  the  German  by  Charle.s  Salter.  8vo,  cloth, 
illustrated  net,  $4.00 

LARRABEE,  C.  S.  Cipher  and  Secret  Letter  and  Tele- 
graphic Code,  with  Hog's  Improvements.  The  most  perfect  Secret 
Code  ever  invented  or  discovered.  Impossible  to  read  without  the 
key.    18mo,  cloth  60 

LASSAR-COHN,  Dr.  An  Introduction  to  Modern  Sci- 
entific Chemistry,  iu  the  form  of  popular  lectures  suited  to  Universi- 
ty Extension  Students  and  general  readers.  Translated  from  the  au- 
thor's corrected  proofs  for  the  second  German  edition.  By  M.  M. 
Pattison  Muir,  M,  A.    12mo,  cloth,  illustrated  $2.00 

LEASK,  A.  RITCHIE.     Breakdowns  at  Sea  and  How 

to  Repair  Them.  With  eigthy-niue  illustrations.  Second  EdUioii. 
Svo,  cloth  ■  $2.00 

  Triple  and  Quadruple  Expansion  Engines  and 

Boilers  and  their  Management.  With  tifty-nine  illustrations.  Third 
edition,  reviftcd.    12mo,  cloth  .$2.00 

 Refrigerating  Machinery :  Its  Principles  and  Man- 
agement.   With  sixty-four  illustrations.    12mo,  cloth  $2.00 

LECKY,  S.  T.  S.   "  Wrinkles  "  in  Practical  Navigation. 

With  130  illustrations.    Svo,  cloth    Ninth  FAition,  revised  $8.40 

LEFEVRE,  LEON.     Architectural  Pottery:  Bricks, 

Tiles,  Pipes,  Enameled  Terra-Cottas,  Ordinary  and  Incrusted  Quar- 
ries, Stoneware  Mosaics,  Faiences,  and  Architectural  Stoneware. 
With  tables,  plates  and  950  cuts  and  illustrations.  With  a  preface  by 
M.  J.-C.  Formige.  Translated  from  the  French  by  K.  H.  Bird,  M.  A. 
and  W.  Moore  Biuus.    4to,  cloth,  illustrated  ncd  $7.50 

LEHNER,  SIGMUND.    Ink  Manufacture:  including 

Writing,  Copying,  Lithographic,  Marking,  Stamping  and  Laundry 
Inks.  Translated  from  the  Fifth  German  Edition  by  Arthur  Morris 
and  Herbert  Robson,  B.  Sc.  8vo,  cloth,  illustrated,  162  pages. 
 net,  $2.50 

LEMSTROM,  Dr.  Electricity  in  Horticulture.  Illus- 
trated In  Press. 
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LEVY.  C.  Jj.   Electric  Light  Primer.   A  Simple  and 

Compreliensive  dipest  of  all  tlie  miist  imp<ii-tAut  facts  oonneoit^l  -w-ith 
the  running  of  the  dTnamo.  iuid  electric  ligbt&,  with  precaations  for 
safety.    For  the  nse  of  persons  whose  datr  it  is  to  look  after  the 

pl:\Dt,    Svo.  paper  $  .50 

UVACHE.  ACH.— ( Fno-  nieur  Cinf  De*  Jdint*,)   The  Man- 
nf aonire  of  Van       -  ~v;ing  and  Boiling  and  Kind- 

red Indnstriesi.  •  irv  and  Cbemieal  and  Phr- 


t  -  -  -  ....  -  . .  _  .  .  ^  ; 
Tiie  :e.  llmpiovmrut  and  let-nug  of  Various  Varuuhes 
Trans  the  French,  by  John  Ge^ldes  Mcintosh.  Gre*tlv 
exteuuw.  vted  to  Ei^glish  practice.  With  niunerons 
original  re  :he  translator.  Illnstrated  vith  eats  and  dia- 
grams.                 ,  .llustratevl.   nft.  $5.00 

LIVERMOEE.  V.  P.    &  JAMES  WILUAMS.  How 

:  "  ■    •     -  ^  '  "  r  .o;;..'^  Treatise  uu  the 

1  -  ^Ic  tiT  Car :  also  giving 

.       -  .  .  ;    :    >   cloth,  illustrates,  l;W 

T   $1.00 

LOBBEN,  PEDER,  M.  E.  Machinists"  and  Draftsmen's 

Hand-Boi>k.  Ciintaiuiug  T..  -  r-.^ul;is.  with  numerous 

ex.^mples.  explaining  tie  \   .  >    :       .     :_atics  and  mechanics,  as 

applied  to  the  mechsnical  trades.  IntendeKi  as  a  reference  book  for 
all  interested  in  Mech.'Uiical  work.  Illustrated  with  manT  cut*  and 
di9gT?»Eis.    Svo.  cloth   .'  $2.50 

LOCKE.  ALFRED  G.  and  CHARLES  G.    A  Practical 

Treatise  on  the  Mantifa<nure  of  Sulphuric  Acid.  With  77  Constmc 
tire  Plate*  ilrawn  to  Scale  Measnrements,  and  other  IllnstnUions- 
Koy:il  >vo.  cloth  $10.00 

LOCKERT.  LOUIS.    Petroleum  Motor-Cars.  12mo, 

clotii.  J1.50 

LOCKWOOD.  THOS.  D.    Electricity,  Magnetism,  and 

Electro-TelegraphT.    A  Pr»ctical  Guide  for  Students,  Opeiktora,  and 

Inspectors.  cloth.     Third  E-iition  $2.50 

 Electrical  Meastirement  and  the  Galvanometer:  Its 

Constrnction  a::d  Us^s.  .St  o.-'i  f  Fii'ion.  illustrations.  12mo. 
clotn  $1.50 

LODGE,  OLIVER  J.  Elementary  Mechanics,  includ- 
ing Hvdiostatics  and  Pueumatios.  It-~vUcd  Editiom.  12ino, 
cloth.   "  $L50 

  Signalling  Across  Space.  Without  Wires ;  Being 

a  description  ot  ti;e  work  of  Ht  rt2  and  his  successors.  With  numerous 
diagrams  and  half  tone  cuts,  and  additional  remarks  concerning  the 
applioation  to  Telegraphy  and  later  deyelopment&  Third  edition. 
8to,  clotii,  illnstntod. . . .'  nft,  $2.00 
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LORD,  R.  T.  Decorative  and  Fancy  Fabrics.  A  val- 
uable Book  with  designs  and  illustrations  for  manufacturers  and  de- 
signers of  Carpets,  Damask,  Dress  and  all  Textile  Fabrics.  8vo, 
cloth,  illustrated  net,  $3.50 

LORING,  A.  E.   A  Hand-Book  of  the  Electro-Magnetic 

Telegi-aph.    Cloth,  boards.    JS'ew  and  cnlarycd  edition  50 

LUCE,  Com.  S.  B.    Text-Book  of  Seamanship.  The 

Equipping  and  Handling  of  Vessels  under  Sail  or  Steam.  For  the 
use  of  the  U.  S.  Naval  Academy.  Revised  and  enlarged  edition, 
by  Lt.  Wm.  S.  Benson.    8vo,  cloth   $10.00 

LUNGE,  GEORGE.  Ph.  D.    Coal-Tar  and  Ammonia; 

being  the  third  and  enlarged  edition  of  "A  Treatise  on  the  Distilla- 
tion of  Coal-tar  and  Ammoniacal  Liquor,"  with  numerous  tables,'  fig- 
ures and  diagrams.    Thick  8vo,  cloth,  illustrated  net  $15.00 

 A  Theoretical  and  Practical  Treatise  on  the  Man- 

ufnctiire  of  Sulphuric  Acid  and  Alkali  with  the  Collateral  Branches. 
Vol.  I.    Sulphuric  Acid.    Second  Edition,  Revised  and  enlarged. 

342  illustrations.    Svo,  cloth  $15.00 

Vol.  II.  Second  Edition,  revised  and  enlarged.  Svo,  cloth.  ,$16.80 
Vol.  III.    8vo,  cloth.    Neiu  Edition,  1896  $15.00 

LUNGE,  GEO.,  and  HURTER,  F.  The  Alkali  Maker's 

Hand  Book .  Tables  and  Analytical  Methods  for  Manufacturers  of 
Sulphuric  Acid,  Nitric  Acid,  Soda,  Potash  and  Ammonia.  Second 
Edition.    12mo,  cloth  $3.00 

LUPTON,   A.,   G.   D.   A.   PARR  and  H.  PERKIN. 

Electricity  as  Applied  to  Mining.  With  tables,  diagrams  and  folding 
plates.    Svo,  cloth,  illustrated,  280  pages  net.  $3.50 

LUaUER,  LEA  McILVAINE,  Ph.  D.     Minerals  in 

Rock  Sections.  The  Practical  Method  of  Identifying  Minerals  in 
Rock  Sections  with  the  Microscope.  Especially  arranged  for 
Students  in  Technical  and  Sientific  Schools.  Svo,  cloth.  Illus- 
trated net,  $1.50 

MACCORD,  Prof.  C.  W.    A  Practical  Treatise  on  the 

Slide- Valve  by  Eccentrics,  examining  by  methods  the  action  of  the 
Eccentric  upon  the  Slide- Valve,  and  explaining  the  practical  processes 
of  laying  out  the  movements,  adapting  the  Valve  for  its  various 
duties  in  the  Steam-Engine.  Second  Edition.  Illustrated.  4to, 
cloth  $2.50 

MACKROW,  CLEMENT.    The  Naval  Architect's  and 

Ship-Builder's  Pocket-Book  of  FormuliB,  Rules  and  Tables  ;  and 
Engineers'  and  Surveyors'  Handy-Book  of  Reference.  Eighth  edi- 
tion, revised  and  enlarged.    16mo,  limp  leather,  illustrated.. .  .$5.00 

MAGUIRE,  Capt.  EDWARD,  U.  S.  A.     The  Attack 

and  Defence  of  Coast  Fortifications.  With  Maps  and  Numerous 
Illustrations.    Svo,  cloth  $2.50 
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MAGUIRE,  "WM.  R.      Domestic  Sanitary  Drainage 

and  Plumbing  Lectures  on  Practical  Sanitation.  332  illustrations. 
8vo   $4.00 

MARKS,  EDWARD  C.  R.     Mechanical  Engineering 

Materials  :  Tlieir  Properties  and  Treatment  in  Construction.  12mo, 
cloth.    Illustrated  60 

Notes  on  the  Construction  of  Cranes  and  Lifting 


Machinery.  With  numerous  diagrams  and  figures.  iVew  and  en- 
larged edition.    12mo,  cloth  net,  $1.50 

 Notes  on  the  Construction  and  Working  of  Pumps. 

With  figures,  diagrams  and  engravings.  I'imo,  cloth,  ilhiKtiated. 
 ni  l,  $1.50 

MARKS,  G.  C.     Hydraulic  Power  Engineering :  a 

Practical  Manual  on  the  Concentration  and  Transmission  of  Power 
by  Hydraulic  ^laehinery.  With  over  two  hundred  diagrams  and 
tables.    Bvo,  cloth,  illustrated  3^3.50 

MAVER,  WM.  American  Telegraphy :  Systems,  Ap- 
paratus, Operation.    450  illustrations.    8vo,  cloth  $5.00 

MAYER,  Prof.  A.  M,     Lecture  Notes  on  Physics. 

8vo,  cloth  $2.00 

McCULLOCH,  Prof.  R.  S.    Elementary  Treatise  on 

the  Mechanical  Theory  of  Heat,  and  its  application  to  Air  and  Steam 
Engines.    8vo,  cloth  $3.50 

McNeill,  Bedford.    McNeill's  code.  Arranged 

to  meet  the  requirements  of  Mining,  Metallurgical  and  Civil  Engi- 
neers, Directors  of  Mining,  Smelting  and  other  Companies,  Bankers, 
Stock  and  Share  Brokers,  Solicitors,  Accountants,  Financiers,  and 
General  Merchants.    Safety  and  Secrecy.    8vo,  cloth   $6.00 

Mcpherson,  J.  a.  {  A.  M  Inst.  C.  E.)  waterworks 

Distribution  ;  a  practical  guide  to  the  laying  out  of  systems  of  distrib- 
uting mains  for  the  supply  of  water  to  cities  and  towns.  With  tables, 
folding  plates  and  numerous  fnll-page  diagrams.    8v(),  cloth,  ill.  $2.50 

MERRITT,  WM.   HAMILTON.     Field  Testing  for 

(xold  and  Silver.  A  Practical  Manual  for  Prospectors  and  Miners. 
With  numerous  half-tone  cuts,  figures  and  tables.  16mo,  limp 
leather,  Illustrated  $1.50 

METAL  TURNING.    By  a  Foreman  Pattern  Maker. 

Illustrated  with  81  engravings.    P2mo,  cloth  $1.50 

MICHELL,  STEPHEN.  Mine  Drainage ;  being  a  com- 
plete Practical  Treatise  on  Direct-Acting  Underground  Steam  Pump- 
ing Machinery.  Containing  many  folding  plates,  diagrams  and  tables. 
Second  edition,  re-written  and  enlarged.  Thick,  8vo,  cloth,  illus. 
 $10.00 
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MINIFIE,  WM.  Mechanical  Drawing.   A  Textbook  of 

Geometrical  Drawing  for  the  use  of  Mechanics  and  Schools,  in  which 
the  Definitions  and  Rules  of  Geometry  are  familiarly  explained  ;  the 
Practical  Problems  are  arranged  from  the  most  simple  to  the  more 
complex,  and  in  their  description  technicalities  are  avoided  as  much  as 
possible.  With  illustrations  for  Drawing  Plans,  Sections,  and  Eleva- 
tions of  Railways  and  Machinery  ;  an  Introduction  to  Isometrical  Draw- 
ing, and  an  Essay  on  Linear  Perspective  and  Shadows.  Illustrated  with 
over  200  diagrams  engraved  on  steel.  Ninth  thousand.  With  an 
appendix  on  the  Theory  and  Application  of  Colors.    8vo,  cloth.  .$4.00 

 Geometrical  Drawing.  Abridged,  from  the  Octavo 

edition,  for  the  use  of  schools.  Illustrated  with  48  steel  plates. 
Nintli  edition.    12mo,  cloth  $2.00 

MODERN  METEOROLOGY.  A  Series  of  Six  Lectures, 

delivered  under  the  auspices  of  the  Meteorological  Society  in  1870. 
Illustrated.     12mo,  cloth  |1.50 

MOORE,  E.  C.  S.  New  Tables  for  the  Complete  Solu- 
tion of  Ganguillet  and  Kutter's  Formula  for  the  flow  of  liquids  in 
open  channels,  pipes,  sewers  and  conduits.  In  two  parts.  Part  I, 
arranged  for  1,080  inclinations  from  1  over  1,  to  1  over  21,120  for 
fifteen  different  values  of  («).  Part  II,  for  use  with  all  other  values 
of  {n).    With  large  folding  diagram.  8vo,  cloth,  illustrated,  .net,  $5.00 

MOREING,  C.  A.,  and  NEAL,  THOMAS.  New  Gen- 
eral and  Mining  Telegraph  Code.  676  pages  alphabetically  arranged. 
For  the  use  of  mining  companies,  mining  engineers,  stockbrokers, 
financial  agents,  and  trust  and  finance  companies.  9)th  edition.  8vo, 
cloth  $5.00 

MOSES,  ALFRED  J.,  and  PARSONS,  C.  L.  Elements 

of  Mineralogy,  Crystallography  and  Blowpipe  Analysis  from  a  prac- 
tical standpoint.    Second  Thousand.    8vo,  cloth,  336  illus..7je<,  $2.00 

MOSES,  ALFRED  J.     The  Characters  of  Crystals. 

An  Introduction  to  Physical  Crystallography,  containing  321  Illustra- 
tions and  Diagrams.    8vo,  211  pp  net,  $2.00 

MOSS,  SANFORD         The  Lay-out  of  Corliss  Valve 

Gears.  (  Van  JSostrand's  Science  Series,  No.  iig).  16mo,  cloth, 
illustrated  $0.50 

MULLIN,  JOSEPH  P.,  M.E.    Modern  Moulding  and 

Pattern-Making.  A  Practical  Treatise  upon  Pattern-Shop  and  Foun- 
dry Work  :  embracing  the  Moulding  of  Pulleys,  Spur  Gears,  Worm 
Gears,  Balanoe-Wlieels,  Stationary  Engine  and  Locomotive  Cylinders, 
Globe  Valves,  Tool  Work,  Mining  Machinery,  Screw  Propellers,  Pat- 
teru-Shop  Machinery,  and  the  latest  improvements  in  English  and 
American  Cupolas  ;  together  with  a  large  collection  of  original  and 
carefully  selected  Rules  and  Tables  for  every-day  use  in  the  Drawing 
■  Ofl&ce,  Pattern-Shop  and  Foundry.    12mo,  cloth,  illustrated  $2.50 
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MUNHO,  JOHN,  C.E.,  and  JAMIESON,  ANDREW, 

C.  E.  A  Pooketbook  of  Electrical  Rules  and  Tablts  for  the 
use  of  Electricians  and  Engineers.  Fiflctnth  edition,  rt  rincd 
and  t  iilarytd.  With  uutuerous  diagnims.  Pocket  size.  Leather. $2. 50 

MURPHY,  J.  G.,  M.E.    Practical  Mining.    A  Field 

Manual  for  Mining  Engiueors.  W'itli  Hints  for  luvostors  in  Mining 
Properties.     IGmo,  morocco  tucks  SI. 00 

NAQUET,  A.  Legral  Chemistry.  A  Gviide  to  the  Detec- 
tion ol  Poisons.  Falsitioation  I'f  Writings,  .\dulterjition  of  .\liiufutiirT 
and  Pliarmaceutii'iil  Sulistauces,  Analysis  of  .\shes,  ami  examination  of 
Hair,  Coins,  .Arms,  and  Stains,  as  applieil  to  Chemical  Jurispnulence, 
for  the  use  of  Chemists.  Ph,vsicians,  Lawyers,  Pharmacists  and  Expert*. 
Triuislateil,  with  additions,  including  a  list  of  bix)ks  and  memoirs  on 
Toxicologv,  etc.,  from  the  French,  l>v  ,T.  P.  liattershall,  Ph.D.,  with  a 
preface  by  C.  F.  Cliandler.  Ph.D..  M  IX,  LL.D.    12mo,  cloth .  .SU.OO 

NASMITH,  JOSEPH,   The  Student' s  Cotton  Spinning. 

Third  edition,  rtvixtd  and  cnlaiyid.  Svo,  cloth,  622  pages,  250 
illustrations  S3. 00 

NEUBURGER,  HENRY  and  HENRI  NOALHAT. 

Technology  of  I'etroloum.  The  Oil  Fields  i  f  the  World  :  their  Uis- 
tory.  Geography  and  Geology.  Annual  Production,  Pn>spection  luid 
Develi>pmtut.  Oil-well  Drilling,  Iransportatiou  of  Petroleum  by 
laud  and  sea.  Storage  of  Petroleum.  With  15  <  illustrations  and  25 
plates.  Tr.inslated  from  the  French  bv  John  Geddes  Mcintosh.  8vo, 
cloth,  illustrated  ."  ii,  t,  SIO.OO 

NEWALL,  JOHN  W.    Plain  Practical  Directions  for 

Drawing,  Sizing  and  Cuttiug  Bevel-Gciirs,  showing  how  the  Teeth 
may  be  cut  in  a  Plain  Milling  Machine  or  Gear  Cutter  so  as  to  give 
them  a  correct  shape  fn>ra  end  to  end  ;  aud  showing  how  to  get  out 
all  particulars  for  the  Workshop  without  making  auy  Drawings. 
Inchtiling  a  Full  Set  of  Tables  of  Reference.  FoKluig  Plates.  8vo, 
cloth  SI.  50 

NEWliANDS,  JAMES.   The  Carpenters'  and  Joiners' 

Assistiuit  :  being  a  Comprehensive  Treatise  on  the  Selection,  Prepara- 
tion aud  Strength  of  Materials,  and  the  Mechanical  Principles  of 
Framing,  with  their  application  in  Carpentry,  Joinery,  and  Hand- 
Rjiiling  ;  also,  a  Complete  Treatise  on  Sines  ;  luid  an  illustrated  Olos- 
S!U-y  of  Terms  used  in  Architecture  aud  Building.  Illustrated.  Folio, 
half  morocco  815.00 

NIPHER,  FRANCIS  E.,  A.M.    Theory  of  Magnetic 

Mt  aMiit  uiouts,  with  an  appendix  on  the  Method  of  Least  Squares. 
12mo,  cloth   SI. 00 

NUGENT,  E.  Treatise  on  Optics;  or.  Light  and  Sight 

theoretically  and  pnicticidly  treateil,  with  the  appliration  to  Fine  Art 
and  Industrial  Pursuits.    With  103  illustrations.  12mo,  cloth. .  .$1.50 
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O'CONNOR,  HENRY.     The  Gas  Engineer's  Pocket 

Book.  Comprising  Tables,  Notes  and  Memoranda;  relating  to  the 
Manufacture,  Distribution  and  Use  of  Coal  Gas  and  the  Construc- 
tion of  Gas  Works.  Sacond  edition,  revised.  12mo,  full  leather,  gilt 
edges  $3.50 

OLiSEN,  Prof.  J.  C.    Quantitative  Chemical  Analysis. 

 In  Press. 

OSBORN,  FRANK  C.    Tables  of  Moments  of  Inertia, 

and  Squares  of  Radii  of  Gyration;  Supplemented  by  others  ou  the 
Ultimate  and  Safe  Strength  of  Wrought  Iron  Columns,  Safe  Strength 
of  Timber  Beams,  and  Constants  for  readily  obtaining  the  Shearing 
Stresses,  Reactions,  and  Bending  Moments  in  Swing  Bridges.  12mo, 
leather  $3.00 

OSTERBERG,  MAX.    Synopsis  of  Current  Electrical 

Literature,  compiled  from  Technical  Journals  and  Magazines  during 
1895.    8vo,  cloth  $1.00 

OUDIN,  Maurice  A.     Standard  Polyphase  Apparatus 

and  Systems.  With  many  diagrams  and  figures.  Third  edifion, 
thoroughlij  revised.    Fully  Illustrated  $3.00 

PALiAZ,  A.,  ScD.  A  Treatise  on  Industrial  Photome- 
try, with  special  application  to  Electric  Lighting.  Authorized  trans- 
lation from  the  French  by  George  W.  Patterson,  Jr.  Hecond  edition, 
revised.    8vo,  cloth.    Illustrated  $4.00 

PARR,  G.  D.  A.     Electrical  Engineering  Measuring 

Instruments,  for  Commercial  and  Laboratory  Purposes.  With  370 
diagrams  and  engravings.    8vo,  cl.,  illustrated.    328  pp.. .  .net,  $3.50 

PARRY,  ERNEST  J.,  B.  Sc.  The  Chemistry  of  Essen- 
tial Oils  and  Artificial  Perfumes.  Being  an  attempt  to  group  together 
the  more  important  of  the  published  facts  connected  with  the  subject; 
also  giving  an  outline  of  the  principles  involved  in  the  preparation  and 
analysis  of  Essential  Oils.  With  numerous  diagrams  and  tables. 
8vo,  cloth,  illustrated  net.  $5.00 

PARRY,  LEONARD  A.,  M.  D.  The  Risks  and  Dan- 
gers of  Various  Occupations  and  tlieir  Prevention.  A  book  that 
should  be  in  the  hands  of  manufacturers,  tlie  medical  profession, 
sanitary  inspectors,  medical  officers  of  health,  managers  of  works, 
foremen  and  workmen.    8vo,  cloth  net.  $3.00 

PARRY,  E.  J.  and  J.  H.  COSTE.  Chemistry  of  Pig- 
ments.   With  tables  and  figures.    8vo,  cl.,  illus.,  280  pages. nei.  $4.50 

PARSHAIili,  H.  F.,  and  HOB  ART,  H.  M.  Armature 

Windings  of  Electric  Machines.  With  140  full  page  plates,  65  ta- 
bles, and  165  pages  of  descriptive  letter-press.    4to,  cloth  $7.50 
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PICKWORTH,  CHAS.  N.  The  Slide  Rule.  A  Practical 

Mauuiil  of  Instructiou  lor  all  Users  of  the  Modern  Type  of  Slide  Kule, 
containing  Suceint  Explanation  of  the  Principle  of  Slide  Rule  Com- 
putation, together  with  Numerous  Rules  and  Pi-actical  Illustrations, 
exhibiting  the  Application  of  the  Instrument  to  the  Everyday  Work 
of  the  Eijsrineer — Civil,  Mechanical  and  Electrical.  Scci  nth  edition. 
12mo,  flexible  cloth  gl.OO 

PLANE  TABLE,  The.    Its  Uses  in  Topographical  Sur- 
veying.    From  the  Papers  of  the  United  States  Coast  Survey. 

Illustrated.     8vo,  cloth      $2.00 

"This  work  gives  a  description  of  the  Plane  Table  employed  at  the 
United  States  Coast  Survey  of3Qce,  and  the  manner  of  using  it." 

PL  ANTE,  GASTON.    The  Storage  of  Electrical  Energy, 

and  Researches  in  the  Effects  created  by  Currents,  combining  Quan- 
tity with  High  Tension.  Translated  from  the  French  by  Paul  B. 
Elwell.    89  illustrations.     8vo  $4.00 

PLATTNER'S  Manual  of  Qualitative  and  Quantitative 

Analysis  with  the  Blow-Pipe.  Eiyhth  edition.,  revised.  Tnins- 
lated  by  Henry  B.  Cornwall,  E.  M.  Ph.  D.,  assisted  by  John  H.  Cas- 
well, A.  M.  From  the  sixth  German  eiUtiou,  by  Prof.  Friederick 
Kolbeck.  Illustrated  with  87  woodcuts.  463  pages.  8vo,  cloth. 
 net,  $4.00 

PLYMPTON,  Prof.  GEO.  W.  The  Aneroid  Barometer : 

Its  Construction  and  Use.     Compiled  from  several  sources.  Eighth 

edition,  revised  and  enlarged.    16mo,  boards,  illustrated  $0.50 

Morocco  $1.00 

POCKET  LOGARITHMS,  to  Four  Places  of  Decimals, 

including  Logarithms  of  Numbers,  and  Logarithmic  Sines  and  Tan- 
gents to  Single  Minutes.  To  which  is  added  a  Table  of  Natural 
Sines.  Tangents,  aud  Co-Tangents.    16mo,  boards  50 

POPE,  F.  L.  Modern  Practice  of  the  Electric  Tele- 
graph. A  Teclini(Ml  Hand-Book  for  Electricians,  Managers  and 
Operators.  Fifteenth  edition,  rewritten  and  enlarged,  and  fully 
iltuntrated.    8vo,  cloth  $1.50 

POPPLE  WELL,  W.  C.    Elementary  Treatise  on  Heat 

and  Heat  Engines.  Specially  adapted  for  engineers  and  students  of 
engineering.    12mo,  cloth,  illustrated  $3.00 

 Prevention  of  Smoke,  combined  with  the  Economi- 
cal Combustion  of  Fuel.  With  diagrams,  figures  and  tables.  8vo, 
eloth,  illustrated  7iet,  $3.50 

POWLES,  H.  H.    Steam  Boilers  {In  J^ress.) 

PRAY,  Jr.,  THOMAS.    Twenty  Years  with  the  In- 

di<^ator ;  being  a  Pnictical  Text-Book  t  >i-  the  Engineer  or  the  Student, 
with  no  complex  Formulse.    Illustrated.    8vo,  cloth  $2.50 
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PARSHALL,  H.  F.,  and  EVAN  PARRY.  Electrical 

Equipment  of  Tramways  (///  Press.) 

PATERSON,  DAVID,  F.  C.  S.    The  Color  Printing  of 

Carpet  Yarns  ;  a  useful  manual  for  color  cliemists  and  textile  printers. 
With  numerous  illustrations.    8vo,  cloth,  illustrated  net.  $3.50 

 Colour  Matching  on  Textiles ;  a  Manual  intended 

for  the  use  of  Dyers,  Calico  Printers  and  Textile  Coloured  Chemists. 
Containing  coloured  frontispiece  and  9  illustrations,  and  1-1  dyed  pat- 
terns in  appendix.    8vo,  cloth,  illustrated  net,  83.00 

  The  Science  of  Color  Mixing  ;  a  manual  intended 

for  the  use  of  Dyers,  Calico  Printers  and  Color  Chemists.  With  fig- 
ures, tables  and  coh)red  plate.    8vo,  cloth,  illustrated  net.  $3.00 

PATTEN,  J.    A  Plan  for  Increasing  the  Humidity  of 

the  Arid  Region  and  the  Utilization  of  Some  of  the  Great  Itivers  of  the 
United  States  for  Power  and  other  Purposes.  A  paper  communicated 
to  the  National  Irrigation  Congress,  Ogden,  Utah,  Sept.  12,  1903. 
4to,  pamphlet,  20  pages,  with  7  maps  SI  00 

PAULDING,  CHAS.  P.  The  Loss  of  Heat  from  Cov- 
ered steam  Pipes  Jit  Press. 

PEIRCE,  B.     System  of  Analytic  Mechanics.  4to, 

cloth  810.00 

  Linear  Associative  Algebra.  Xew  edition  with  addenda 

and  notes  by  C.  L.  Pierce.    4to,  cloth  $4.00 

PERRINE,  F.  A.  C,  A.  M.,  D.  Sc.  Conductors  for  Elec- 
trical Distribution  ;  Their  Manufacture  and  Materials,  the  Calcula- 
tion of  Circuits,  Pole  Line  Construction,  Underground  Working  and 
other  Uses.     With  numerous  diagrams  and  engravings.     8vo,  cloth, 

illustrated,  287  pp  net.  $3.50 

Postage  .25 

PERRY,  JOHN.    Applied  Mechanics.    A  Treatise  for 

the  use  of  students  who  have  time  to  work  experimental,  numerical 
and  graphical  exercises  illustrating  the  subject.  8vo,  cloth,  650 
pages  7iet.  $2.50 

PHILLIPS,  JOSHUA.     Engineering  Chemistry.  A 

Practical  Treatise  for  the  use  of  Analytical  Chemists,  Engineers,  Iron 
Masters,  Iron  Founders,  students  and  others.  Comprising  methods 
of  Analysis  and  Valuation  of  the  principal  materials  used  in  Engin- 
eering works,  with  numerous  Analyses,  Examples  and  Suggestions, 
illustrated.    Third  edition,  revi.fed  and  enlarijed.    8vo,  cloth . . $4 ..50 

PICKWORTH,  CHAS.  N.     The  Indicator  Hand  Book. 

A  Practical  Manual  for  Engineer.s.  Part  I.  The  Indicator :  Its 
Construction  and  Aijplicatiou.    81  illustrations.    12mo,  cloth. .  .  $1.50 

 The  Indicator  Handbook.    Part  II.    The  Indicator 

Diagram ;  Its  Analysis  and  Calculation.  With  tables  and  figures. 
12mo,  cloth,  illustrated  $1.50 
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PICKWORTH,  CHAS.  N.  The  Slide  Rule.  A  Practical 

Miiuual  of  In.structiou  for  all  Users  of  the  Modern  Type  of  Slide  Rule, 
containing  Succiut  Explanation  of  the  Principle  of  Slide  Rule  Com- 
putation, together  with  Numerous  Rules  and  Practical  Illustrations, 
exhibiting  the  Application  of  the  Instrument  to  the  Everyday  Work 
of  the  Eijgineer — Civil,  Mechanical  and  Electrical.  Seventh  edition. 
12mo,  flexible  cloth  SI. 00 

PLANE  TABLE,  The.   Its  Uses  in  Topographical  Sur- 
veying.    From  the  Papers  of  the  United  States  Coast  Survey. 

Illustrated.     8vo,  cloth      $2.00 

"This  work  gives  a  description  of  the  Plane  Table  employed  at  the 
United  States  Coast  Survey  office,  and  the  manner  of  using'  it." 

PL  ANTE,  GASTON.    The  Storage  of  Electrical  Energy, 

and  Researches  in  the  Effects  created  by  Currents,  combining  Quan- 
tity with  High  Tension.  Translated  from  the  French  by  Paul  B. 
Elwell.    89  illustrations.     8vo  $4.00 

PLATTNER'S  Manual  of  Qualitative  and  Quantitative 

Analysis  with  the  Blow- Pipe.  Eighth  edition,  revised.  Trans- 
lated by  Henry  B.  Cornwall,  E.  M.  Ph.  D.,  assisted  by  John  H.  Cas- 
well, A.  M.  From  the  sixth  German  editiou,  by  Prof.  Priederick 
Kolbeck.  Illustrated  with  87  woodcuts.  463  pages.  8vo,  cloth. 
 net,  $4.00 

PLYMPTON,  Prof.  GEO.  W,  The  Aneroid  Barometer: 

its  Construction  and  Use.     Compiled  from  several  sources.  Eighth 

edition,  revised  and  enlarged.    16mo,  boards,  illustrated  $0.50 

Morocco  $1.00 

POCKET  LOGARITHMS,  to  Four  Places  of  Decimals, 

including  Logarithms  of  Numbers,  and  Logarithmic  Sines  and  Tan- 
gents to  Single  Minutes.  To  which  is  added  a  Table  of  Natural 
Siues.  Tangents,  and  Co-Tangents.    16mo,  boards  50 

POPE,  F,  L.  Modem  Practice  of  the  Electric  Tele- 
graph. A  Technical  Hand-Book  for  Electricians,  Managers  and 
Operators.  Fifteenth  edition,  rewritten  and  enlarged,  and  fully 
illustrated.    8vo,  cloth  $1.50 

POPPLEWELL,  W.  C.    Elementary  Treatise  on  Heat 

and  Heat  Engines.  Specially  adapted  for  engineers  and  students  of 
engineering.    12mo,  cloth,  illustrated  $3.00 

 Prevention  of  Smoke,  combined  with  the  Economi- 
cal Coml)U8tion  of  Fuel.  With  diagrams,  figures  and  tables.  8vo, 
cloth,  illustrated  net,  $3.50 

POWLES,  H.  H.    Steam  Boilers  {In  Press.) 

PRAY,  Jr.,  THOMAS.  Twenty  Years  with  the  In- 
dicator ;  being  a  Practical  Text-Book  f  ir  the  Engineer  or  the  Student, 
with  no  complex  Formulas.    Illustrated.    8vo,  cloth  $2.50 
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PRAY,  Jr..  THOMAS.    Stonm  TbIiIps  riuI  Kii^rino  Con- 

WHO      »!»«>  ovi»»M  ^v^^\^^^^    .Sv«\,  ololh  ,  ..|:^.(H^ 

Prnotionl  ComvoundiuK  of  Oils.  Tnllow  and  On^vso,  for 

l.nl'ii.M(i>>i\,  ot.v.  >'V  Mit  r,\|MMi  0\\  l5.M\n.-i      S\i\  oK>ll>  .     »i.  ^  AO 

PRACTICAL  IRON  FOUNDING.     By  tho  RutJior  of 

•■  INitl.'vn  MrtkinK.  '  .V>v.  A.',  >lhii.li«(.>,l  \»\lh  o>-»r  iU»«>  liuii.ir<\l 
ounT«ti»irn.     t%*ni  ^iitiim,    lUmo,  cloUt  ...»,.  tl  lMt 

PRKKCE.  W.  H.   Kleotrio  Liuiips  (/«  /Kw  ) 

PRKLINl.  OHAKI.KS..  C.  E.  TimnoUw|r;  «  Prnotionl 

U^^\\»  hr  C\\ni\r^  S.  Hill.  l\  K.,  Aumviiito  K.iil\^r  1  < 
N<>««."  3U  iMgM.  Jir\><mti  ntitiim,  *>,ri»fA,  8t>\  cloU»,  Uivn.i\!ii.Ai 
  S-'ltV 

  Earth  and  Rook  Kxonvntioneu    A  Manual  for 

\nU>\    /h  /Vt*», 

PREKCK.  W.  H..  and  STUBBS.  A.  T.    Manual  of  Tea«K 

pluM^^r.    lUH!«(n»1u>ni«  mul  pluhMi     t'Jm>\  clolli   $A.W 

PRKMIFR  CODE      Soo  Hnwko.  Wm.  H 
PKKSCOTT.  rr>>f  A   15    Or  A"  >^  ■  •• 

\iii»lvi«\!»  of  ihiirtiiu-  Mitt»'iiiu.s  lu  v'.imimiviHt  hiui  rhHiiuM. 
Assrt>i»,  <u  tlio  ivilnttntttMi  o(  1iu)nir<h(V<  tiiulor  Aul)u\n»«sl  Sl«i 
•i»>i  \«  Kori-'».«io  KsMn\iUMl)oun  for  INmi»m>iv  xntli  OtnvUoiin  U\\  1  ,,■ 
in<>nl*.rv  v^rjjmuo  Annlrm*.    A\flf*  r>f«v»i>H,    St\\  oUtth  liVtV^ 

 Outlinos  of  ProximatP  Orjrai\io  Anal^-sis,  fbr  tlu> 

won'  >\M»»ino«lT  (HV<»rrmi?  i^rintiuc  i\tm|Hmiui«.     t\tMrtik  r.i 
\ix\\K\  ololh   V 

PRESCOTT.  A.  B.,  and  E.  C.  SULLIVAN.  ^Univ 

v\l  \V«lt>r  S.\lvition         Mam*  .VoUon.    AVorM/A  ftlitiim,  ■ 

H-rittrn.    \i\\\K\  ol.Mh  

 and  OTIS  COE  JOHNSON.    Qualitatiw  r 

PRTTCHARD.  O.  O.     Tho  M."vnutTftoturo  of  Eloctriv 
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PUIiLEN,  W.  W.  F.    Application  of  Graphic  Methods 

to  the  Design  of  Structures.  iSpeciiiUy  prepared  lor  the  U8c  of  En- 
gineers. A  Treatment  by  Graphic  Methods  of  tne  Forces  and  Princi- 
ples necessary  for  consideration  in  the  Design  of  Engineering  Struc- 
tures, Roofs,  Bridges,  Trusses,  Framed  Structures,  Wells,  Dams, 
Chimneys  and  Masonry  Structures.  12mo,  cloth.  Profusely  Illus- 
trated net,  $2.50 

PULSIFER,  W.  H.    Notes  for  a  History  of  Lead.  8vo, 

cloth,  gilt  top  $4.00 

PUTSCH,  ALBERT.     Gas  and  Coal  Dust  Firing;  a 

critical  review  of  the  various  appliances  patented  in  Germany  for  this 
purpose  since  1885.  With  diagrams  and  figures.  Translated  from 
the  German  by  Charles  Salter.     8vo,  cloth,  illustrated. ..  .Me<,  .f3.00 

PYNCHON,   Prof.   T.  R.    Introduction  to  Chemical 

Physios,  designed  for  the  use  of  Academies,  Colleges,  and  High 
Schools.  Illustrated  with  numerous  engravings,  and  containing  copious 
experiments  with  directions  for  preparing  them.  New  rdltion,  re- 
vined  and  enlarged,  and  illustrated  by  269  illustrations  on  wood. 
Svo,  cloth  $3.00 

RADFORD,  Lieut.  CYRUS.  S.    Handbook  on  Naval 

Gunnery.  Prepared  by  Authority  of  the  Navy  Department.  For  the 
use  of  U.  S.  Navy,  U.  S.  Marine  Corps  and  U.  S.  Naval  Reserves. 
Revised  and  enlarged,  with  the  assistance  of  Stokely  Morgan,  Lieut. 
U.  S.  N.  Third  edition,  revised  and  enlaryed.  12mo,  flexible 
leather  $2.00 

RAFTER,  GEO.  W.    Treatment  of  Septic  Sewage 

(  Van  JSloslrand's  Science  Scries,  No.  118.)    l(!mo,  cloth  $0.50 

  Tables  for  Sewerage  and  Hydraulic  Engineers. 

 Ill  Frcss. 

RAFTER,  GEO.  W.  and  M.  N.  BAKER.    Sewage  Dis- 

Disposal  in  the  United  States.  Illustratious  and  folding  plates. 
Third  edition.    Svo,  cloth  $6.00 

RAM,  GILBERT  S.   The  Incandescent  Lamp  and  its 

Manufacture.    8vo.,  cloth  $3.00 

RANDALL,  J.  E.    A  Practical  Treatise  on  the  Incan- 
descent Lamp.    Illustrated.    IGmo,  cloth  50 

RANDALL,    P.    M.   Quartz  Operator's  Hand-book. 

New  edition,  revised  and  enlarged,  fully  illustrated.  12mo, 
cloth  $2.00 

RANDAU,  PAUL.     Enamels  and  Enamelling ;  an 

introduction  to  the  preparation  and  application  of  all  kinds  of  enamels 
for  technical  and  artistic  purposes.    For  enamel  makers,  workers  ia 
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gold  and  silver,  and  manufacturers  of  objects  of  art.  Third  Oerman 
edition.  Traiislnted  by  Charles  Salter.  With  figures,  diagrams  and 
tables.    8to,  cloth,  illustrated    net.  J;!. 00 

RANKINE,  W.  J.  MACQUORN.    Applied  Mechanics. 

Comprising  the  Principles  of  Statics  and  Cinematics,  and  Theory 
of  Structures,  Mechanism,  and  Machines.  With  numerous  diagrams. 
Hixteimth  edition.  Thorough] \  revised  by  W.  J.  Millar.  8vo, 
cloth  ;   SC.  00 

 Civil  Engineering.  Comprising  Engineering  Sur- 
veys, Earthwork,  Foundations,  Masonry,  Caq)(iitry,  Metal-Work, 
Roads,  Railways,  Canals,  River-,  Water- Works,  Harbors,  etc.  With 
numerous  tables  and  illustrations.  7 wenty-Jirsl  edition.  Thorough- 
ly revised  by  W.  J.  Millar.    8vo,  cloth  8fi.50 

  Machinery  and  Millwork.  Comprising  the  Geom- 
etry. Motions,  Work,  Strength,  Construction,  and  Objects  of 
Machines,  etc.  Illustrated  with  nearly  300  woodcuts.  Seventh  edi- 
tion.   Thoroughly  revised  by  W.  J.  Millar.    8vo,  cloth  $5.00 

 The  Steam-Engine  and  Other  Prime  Movers.  With 

diagram  of  the  Mechanical  Properties  of  Steam,  folding  plates, 
numerous  tables  and  illustrations.  Fifteenth  edition.  Thoroughly 
revised  by  W.  J.  Millar.    8vo,  cloth   $6.00 

 Useful  Rules  and  Tables  for  Engineers  and  Others. 

With  appendix,  tables,  tests,  aud  formulae  for  tlie  use  of  Eleotricid 
Engineers.  Comprising  Submarine  Electrical  Engineering,  Electric 
Lighting,  and  Transmission  of  Power.  By  Andrew  Jamieson,  C.E., 
F.R.S.E.  Seventh  edition.  Thoroughly  revised  by  W.  J.  Millar. 
8vo,  cloth  §4.00 

  A  Mechanical  Text  Book.    By  Prof.  Macquorn  Rankine 

and  E.  F.  Biinihcr,  C.  E.  With  uumerous  illustrations.  Fifth 
edition.     8vo,  cloth  S^'.^O 

RAPHAEL,  F.  C.    Localization  of  Faults  in  Electric 

I.iglit  Mains.    8vo,  cloth  32.00 

RAYMOND,  E.  B.     Alternate  Current  Engineering. 

Practically  Treated.    With  numerotis  diagrams  and  figures.  .  In  /'rrx.t, 

RAYNER,  H.  Silk  Throwing  and  Waste  Silk  Spin- 
ning With  uumerous  diagrams  aud  figures.  Svo,  cloth,  illus- 
trated tiet  t2  .jO 

RECIPES  for  the  Color,  Paint,  Varnish,  Oil,  Soap  and 

Drysaltery  Trades.  Compiled  by  an  Analytical  Chemist.  Hvo, 
cloth   $:150 

RECIPES  FOR  FLINT  GLASS  MAKING.  Being 

leaves  from  tiie  mixing  book  of  several  experts  iu  the  Flint  Ol.iss 
Trade.  Coutaiiiiiig  up-to-date  recipes  and  vahiible  information  as  to 
Crystal,  Demi-Crystal  and  Colored  Glass  in  its  many  varieties.  It  con- 
tains the  recipi'B  for  cheap  metal  suited  to  pressing,  blowing,  etc.,  as 
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well  as  the  most  costly  Cyrstal  and  Kuby,  British  manufacturers  have 
kept  up  the  quality  of  this  glass  from  the  arrival  of  the  Venetians  to 
Hungry  Hill,  Stourbridge,  up  to  the  present  time.  The  book  also 
contains  remarks  as  to  the  result  of  the  metal  as  it  left  the  pots  by 
the  respective  metal  mixers,  taken  from  their  own  memoranda  upon 
the  originals.  Compiled  by  a  British  Glass  Master  and  Mixer.  12mo, 
cloth  net,  $4.50 

REED'S  ENGINEERS'  HAND-BOOK,  to  the  Local 

Marine  Board  Examinations  for  Certificates  of  Competency  as  First 
and  Second  Class  Engineers.  By  W.  H.  Thorn.  With  the  answers 
to  the  Elementary  Questions.  Dlustrated  by  358  diagrams  and  37  large 
plates.    Seventeenth  edition,  revised  and  enlarged.   8vo,  cloth  .  $5.00 

 Key  to  the  Seventeenth  Edition  of  Reed's  En- 
gineer's Hand-book  to  the  Board  of  Trade  Examination  for  First  and 
Second  Class  Engineers  and  containing  the  workings  of  all  the  ques- 
tions given  in  the  examination  papers.  By  W.  H.  Thorn.  8vo, 
cloth  $3.00 

 Usefal  Hints  to  Sea-going  Engineers,  and  How  to 

Repair  and  Avoid  "  Break  Downs;"  also  Appendices  Containing 
Boiler  Explosions,  Useful  Formulse,  etc.  With  4j!  diagrams  and  8 
plates.    Third  edition,  revised  and  enlarged.    12mo,  cloth  $1.50 

 Marine  Boilers,  A  Treatise  on  the  Causes  and  Pre- 
vention of  their  Priming,  with  Remarks  on  tlieir  General  Manage- 
ment.   Illustrated.    r2mo,  cloth  S2.00 

REINHARDT,  CHAS.  W.    Lettering  for  Draftsmen, 

Engineers  and  Students.  A  Practical  System  of  Free-hand  Lettering 
for  Working  Drawings.  Revised  and  enlarged  edition.  Thirteenth 
thousand.    Oblong,  boards  $1.00 

 The  Technic  of  Mechanical  Drafting.    A  Practical 

Guide  to  neat,  correct  and  legible  drawing,  containing  many  illustra- 
tions, diagrams  and  full-page  plates.    4to,  cloth,  illustrated  $1.00 

REISER,  F.     Hardening  and  Tempering  of  Steel,  in 

Theory  and  Practice.  Translated  from  the  German  of  the  Third  and 
Enlarged  Edition,  by  Arthur  Morris  and  Herbert  Robson.  8vo,  cloth, 
120  pages  $2.50 

  N.    Faults  in  the  Manufacture  of  Woolen  Goods, 

and  Their  Prevention.  Translated  from  the  Second  German  Edition, 
by  Arthur  Morris  and  Herbert  Robson.  8vo,  cloth,  illustrated,  170 
pages  net,  $2.50 

RICE,  J.  M.,  and  JOHNSON,  W.  W.      On  a  New 

Method  of  obtaining  the  Differential  of  Functions,  with  especial 
reference  to  the  Newtonian  Conception  of  Rates  or  Velocities.  12mo, 
paper  $0.50 
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RIDEAIi,  SAMUEL,  D.  Sc.    Glue  and  Glue  Testing, 

■with  figiircH  and  tables.    8v<),  clotli,  illustrated  net.  81.00 

RINGWALT,  J.  L.    Development  of  Transportation 

Systems  iu  the  United  States,  Comprising  a  Comprehensive  Descrip- 
tion of  the  leading  features  of  advancement  from  the  colonial  era  to 
the  present  time,  in  water  channels,  roads,  turnpikes,  canals,  railways, 
vessels,  vehicles,  cars  and  locomotives  ;  the  cost  of  transportation  a 
various  periods  and  places  by  the  different  methods ;  the  financial 
engineering,  mechanical,  governmental  and  popular  questions  that 
have  arisen,  and  notable  incidents  in  railway  history,  construction 
and  operation.  With  illustrationB  of  hundreds  of  typical  objects. 
Quarto,  half  morocco  $7.50 

RIPPER,  WILLIAM.    A  Course  of  Instruction  in 

Machine  Drawing  and  Design  for  Technical  Schools  and  Engineer 
Students.  With  52  plates  and  numerous  explanatory  engravings. 
Folio,  cloth   net,  86.00 

ROBERTSON,  L.  S.    Water-tube  Boilers.    Based  on 

a  short  course  of  Lectiires  delivered  at  University  College,  Lou- 
don. With  upward  of  170  illustrations  and  diagrams.  8vo,  cloth, 
illustrated  83.00 

ROEBLING,  J.  A.    Long  and  Short  Span  Railway 

Bridges.  Illustrated  with  large  copperplate  engravings  of  plans  and 
views.     Imperial  folio,  cloth  825.00 

ROSE,  JOSHUA,  M.E.  The  Pattern-Makers'  Assistant. 

Embracing  Lathe  Work,  Branch  Work,  Core  Work,  Sweep  Work,  and 
Practical  Gear  Constructions,  the  Prepaiation  and  Use  of  Tools, 
together  with  a  large  collection  of  useful  and  valuable  Tables. 
Ninth  cditiun.    Ulustrated  with  250  engra\'ings.    8vo,  cloth  82.50 

 Key  to  Engines  and  Engine-running.   A  Practical 

Treatise  upon  the  Management  of  Steam  Engines  and  Boilers  for 
the  Use  of  Those  who  Desire  to  Pass  an  Examination  to  Take 
Chaige  of  an  Engine  or  Boiler.  With  numerous  illustrations,  and 
Instructions  Upon  Engineers'  Calculations,  Indicators,  Diagrams, 
Engine  Adjustments,  and  other  Valuable  Information  necessary  for 
Engineers  and  Firemen.    12mo,  cloth  82.50 

ROWAN,  FREDERICK  J.     The  Practical  Physics  of 

the  Modern  Steam  Boiler.  With  an  Introduction  by  Prof.  li.  H. 
Thurston.  With  numerous  illustrations  and  diagrams.  Svo  cloth, 
illustrated.    638  pp  87.50 

SABINE,  ROBERT.    History  and  Progress  of  the 

Electric  Telegraph.  With  descriptions  of  some  of  the  apparatus. 
Second  edition,  with  additions.    12mo,  cloth  81-25 

SAELTZER,  ALEX.   Treatise  on  Acoustics  in  connec- 
tion with  Ventilation.    12mo,  cloth    81.00 
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SALOMONS,  Sir  DAVID,  M.A.  Electric-Light  Instal- 

latioDs.  A  Practical  Handbook.  Eighth  edition,  revised  and  en- 
larged with  numerous  iUastrations.     Vol.  I. ,  The  management  of 

Accumulators.    12mo,  cloth  $1.50 

Vol.   II.,  Apparatus,  296  illustrations.   12mo.,  cloth  $2.25 

Vol.  III.,  Applications,  12mo.,  cloth  $1.50 

SANFORD,  P.  GERALD.  Nitro-Explosives.  A  Prac- 
tical Treatise  couceruiug  the  Properties,  Manufacture  and  Analysis 
of  Nitrated  Substances,  including  the  Fulminates,  Smokeless  Pow- 
ders and  Celluloid.    8vo.  cloth,  270  pages  $3.00 

SAUNDERS,  CHARLES  H.     Handbook  of  Practical 

Mechanics  for  use  in  the  Sliop  and  Draughting  Eoom  ;  containing 
tables,  rules  and  formulas,  and  solutions  of  practical  problems  by 
simple  and  quick  methods,    16mo,  limp  cloth  $1.00 

SAUNNIER,  CLAUDIUS.    Watchmaker's  Handbook. 

A  Workshop  Companion  for  those  engaged  in  Watchmaking  and 
allied  Mechanical  Arts.    Translated  by  J.  Tripplin  and  E.  Rigg. 

Second  edition,  revised  tvith  appendix.    12mo,  cloth  $3.50 

SCHELLEN,  Dr.  H.  Magneto-Electric  and  Dynamo- 
Electric  Machines  :  their  Coustruction  and  Practical  Application  to 
Electric  Lighting,  and  the  Transmission  of  Power.  Translated  from 
the  third  German  edition  by  N.  S.  Keith  and  Percy  Neymann,  Ph.D. 
With  very  large  additions  and  notes  relating  to  American  Machines,  by 
N.  S.  Keith.     Vol.  1,  with  353  illustrations.    Second  edition..  .$5.00 

SCHUMANN,  F.  A  Manual  of  Heating  and  Ventilation 

in  its  Practical  Application,  for  the  use  of  Engineers  and  Architects. 
Embracing  a  series  of  Tables  and  Formulse  for  dimensions  of  heating, 
flow  and  return  pipes  for  steam  and  hot-water  boilers,  flues,  etc.  12mo, 
illustrated,  full  roan  $1.50 

SCHMALL,  C.  N.,  and  SHACK,  S.  M.     Elements  of 

Plane  Geometry.  With  many  examples  and  diagrams.  12mo,  cloth, 
illustrated  In  Press. 

SCIENCE  SERIES,  The  Van  Nostrand.  [See  List,  p.  51] 

SCRIBNER,  J.  M.  Engineers'  and  Mechanics'  Com- 
panion. Comprising  United  States  Weights  and  Measures.  Mensura- 
tion of  Superfices  and  Solids,  Tables  of  Squares  and  Cubes,  Square 
and  Cube  Roots,  Circumference  and  Areas  of  Circles,  the  Mechanical 
Powers,  Centres  of  Gravity,  Gravitation  of  Bodies,  Pendulums,  Spe- 
cific Gravity  of  Bodies,  Strength,  Weight,  and  Crush  of  Materials, 
Water- Wheels,  Hydrostatics,  Hydraulics,  Statics,  Centres  of  Percus- 
sion and  Gyration,  Friction  Heat,  Tables  of  the  Weight  of  Metals, 
Scantling,  etc. ,  Steam  and  the  Steam-Engine.  Twenty-first  edition, 
revised.    16mo,  full  morocco  $1.50 
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SEATON,  A.  E.    A  Manual  of  Marme  Engineering. 

Comprising  the  Designing,  Construction  and  Working  of  Marine 
Machinery.  With  numerous  tables  and  illustrations  reduced  from 
Working  Drawings.  Fourteenth  edition.  Revised  throughout,  with 
an  additional  chapter  on  Water  Tube  Boilers.    8vo,  cloth  86.00 

 and  ROUNTHWAITE,  H.  M.  A  Pocketbook  of  Ma- 
rine Engineering  Rults  and  Tables.  For  the  use  of  M  irine  Engineers 
and  Naval  Architects,  Designers,  Draughtsmen,  Superintendents,  and 
all  engaged  in  the  design  and  construction  of  Marine  Machinery,  Naval 
and  Mercantile.  Seventhedition,  revised  and  enlarged.  Pocket  size. 
Leather,  with  diagrams  $3.00 

SEELIGMANN,  T.,  TORRILHON,  G.  L.,  and  FAL- 

Conuet,  H.  ludia  Rubber  and  Gntta  Pcrclia.  A  complete  practical 
treatise  on  India  Rubber  and  Gutta  Percha,  in  their  historical,  bot- 
tanical,  arboricultural,  mechanical,  chemical  and  electrical  aepecta. 
Translated  from  the  French,  by  John  Geddes  Mcintosh.  8vo,  cloth, 
illustrated,  412  pages  ne<,  S^.50 

SEVER,  G.  F.  (Prof.)  Electrical  Engineering  Experi- 
ments and  Tests  on  Direct  Current  Machinery.  8vo,  cloth,  illus- 
trated  In  Press. 

  and  F.  TOWNSEND.  Laboratory  and  Factory- 
Tests  in  Electrical  Engineering.  8vo,  cloth,  illustrated,  about  225 
pages  In  Press. 

SEW  ALL,  C.  H,  Wireless  Telegraphy.  With  Diaprams 
and  Engravings.    8vo,  cloth,  illustrated.   net,  $2.00 

SEWELL,  T.    Elements  of  Electrical  Engineering: 

A  First  Year's  Course  for  Students.  Witii  many  diagrams,  tables 
and  examples.    8vo,  cloth,  illustrated,  'i-Vl  pages  net.  $3.00 

SEXTON,  A.  HUMBOLDT.  Fuel  and  Refractory  Ma- 
terials.   8vo,  cloth  82.00 

  Chemistry  of  the  Materials  of  Engineering ;  A 

handbook  for  Engineering  Students.  With  tables,  diagrams  and 
illustrations.    12mo,  cloth,  illustrated  82.60 

SHAW,  SIMEON.     The  History  of  the  Staffordshire 

Potteries,  and  the  Rise  and  Progress  of  the  Manufacture  of  Pottery 
and  Porcelain  ;  with  references  to  genuine  specimens,  and  notices  of 
eminent  potters.  A  re-issue  of  the  original  work  published  in  1829. 
8vo,  cloth,  illustrated  -.net.  $3.00 

 Chemistry  of  the  Several  Natural  and  Artificial 

Heterogeneous  Compounds  used  in  Manufacturing  Porcelain,  Glass 
and  Pottery.  Re-issued  in  its  original  form,  published  in  1837.  8vo, 
cloth  net,  $5.00 
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SHAW,  (Iiieut.-Col.)  WM.  J,    Studies  in  Map  Reading 

and  Field  Sketching  ;  an  aid  to  passing  outdoor  examinations  in  these 
subjects.  Illustrated  with  fifteen  folding  plates.  12mo,  cloth,  illus- 
trated, 148  pages  net.  $2.50 

  Tactical  Operations  for  Field  OflScers ;  being  up-to- 
date  schemes  worked  out  on  training  grounds  at  home  stations. 
With  folding  plates  and  maps.    12mo,  cloth,  illus.,  321  pages. .  $3.00 

SHELDON,  Prof.  S.,  Ph.  D.,  and  HOBART,  MASON, 

B.  S.  Dynamo  Electric  Machinery  ;  Its  Construction,  Design  and 
Operation.  Direct  Current  Machines.  Second  edition.  8vo,  cloth, 
illustrated  net.  $2.50 

 Alternating  Current  Machines  ;  being  the  second 

volume  of  the  author's  "  Dynamo  Electric  Machinery  ;  its  Constrac- 
tion,  Design,  and  Operation."  With  many  diagrams  and  figures. 
(Binding  uniform  with  volume  I.)    8vo,  cloth,  illustrated,  .net,  $2.50 

SHIELDS,  J.  E.  Notes  on  Engineering  Construction. 

Embracing  Discussions  of  the  Principles  involved,  and  Descriptions 
of  the  Material  employed  in  Tunnelling,  Bridging,  Canal  and  Boad 
Building,  etc.    12mo,  cloth  $1.50 

SHOCK,  WM.  H.  Steam  Boilers,  Their  Design,  Con- 
struction and  Management.    4to,  half  morocco  $15.00 

SHREVE,  S,  H.   A  Treatise  on  the  Strength  of  Bridges 

and  Roofs.  Comprising  the  determination  of  Algebraic  formulas  for 
strains  in  Horizontal,  Inclined  or  Rafter,  Triangular,  Bowstring, 
Lenticular,  and  other  Trusses,  from  fixed  and  moving  loads,  with 
practical  applications,  and  examples,  for  the  use  of  Students  and 
Engineers.    87  woodcut  illus.    Fourth  edition.    8 vo,  cloth. ..  .$3.50 

SHUNK,  W.  F.  The  Field  Engineer,    A  Handy  Book 

of  practice  in  the  Survey,  Location,  and  Truck-work  of  Railroads,  con- 
taining a  large  collection  of  Rules  and  Tables,  original  and  selected, 
applicable  to  both  the  Standard  and  Narrow  Gauge,  and  prepared 
with  special  reference  to  the  wants  of  the  young  Engineer.  Fif- 
teenth edition,  revised  and  enlarged.  With  an  addenda.  12mo,  mo- 
rocco, tucks  $2.50 

SIMMS,  F.  W.  A  Treatise  on  the  Principles  and  Prac- 
tice of  Levelling.  Showing  its  application  to  purposes  of  Railway 
Engineering,  and  the  Construction  of  Roads,  etc.  Revised  and  cor- 
rected, with  the  addition  of  Mr.  Laws'  Practical  Examples  for  setting 
out  Railway  Curves.    Illustrated.    8vo,  cloth,  $2.50 

 Practical  Tunneling.     Fourth  Edition,  Revised 

and  greatly  extended.  With  additional  chapters  illustrating  recent 
practice  by  D.  Kinnear  Clark.  With  36  plates  and  other  illustrations. 
Imperial  8vo,  cloth  $12.00 


42 


D.  VAN  NOSTRAND  COMPANY'S 


SIMPSON,   GEORGE.     The  Naval  Constructor.  A 

Viide  Mecura  of  Ship  Desin;u,  for  Students,  Naval  Architects,  Ship- 
builders aud  Owners,  Marine  Superintendents,  Engineers  and 
Draughtsmen.    Ifimo,  morocco,  illustrated,  500  pages.  In  Press.^M 

SLiATER,  J.  W.    Sewage  Treatment,  Purification,  and 

Utilization.  A  Practical  Manual  for  the  Use  of  Coqjorations,  Local 
Boards,  Medical  OflScers  of  Health,  Inspectors  of  Nuisances,  Chem- 
ists, Manufacturers,  Riparian  Owners,  Engineers,  and  Rate-payers. 
12mo,  cloth  82.25 

SMITH,  ISAAC  W.,  C.E.    The  Theory  of  Deflections 

and  of  Latitudes  and  Departiires.  With  special  applications  to 
Curvilinear  Sui-veys,  for  Alignments  of  Railway  Tracks.  Illustrated. 
16mo,  morocco,  tucks  §3.00 

SMITH,  J.  CRUICKSHANK.    Manufacture  of  Paint; 

A  practical  Handbook  for  Paint  Manufacturers,  Merchants  and  Paint- 
ers. With  60  illustrations  and  one  large  diagram.  8vo,  cloth,  illus- 
trated  nfi^  83.00 

SNELIi,  ALBION  T.    Electric  Motive  Power:  The 

Transmission  and  Distribution  of  Electric  Power  by  Continuous  and 
Alternate  Currents.  With  a  Section  on  the  Applications  of  Electricity 
to  Mining  Work.    Sec<nid  edition.    8vo,  cloth,  illustrated   84  00 

SOXHLET,  D.  H.    Art  of  Dyeing  and  Staining  Marble, 

Artificial  Stone,  Uone,  Horn,  Ivory  aud  Wood,  aud  of  imitating  all 
sorts  of  Wood.  A  Practical  Hand-book  for  the  use  of  Joiners,  Tur- 
ners, Manufacturers  of  Fancy  Goods,  Stick  aud  Umbrella  Makers, 
Comb  Makers,  etc.  Translated  from  the  German  by  Arthur  Morris 
and  Herbert  Robson,  B.  Sc.    8vo,  cloth,  170  pages  net.  82.f>0 

SPANG,  HENRY  "W.  A  Practical  Treatise  on  Light- 
ning Protection.     With  figures  and  diagrams.    r2mo,  cloth ...  .81.00 

SPEYERS,  CLARENCE  L.    Text  Book  of  Physical 

Chemistry.     8 vo,  cloth  82. 25 

STAHL,  A.  W.,  and  A.  T.  WOODS.  Elementary  Me- 
chanism. A  Text-Book  for  Students  of  Mechanical  Engineering. 
Tenth  edition,  cnlaryid.    I  Jmo,  cloth  $2.00 

STALEY,  CADY,  and  PIERSON,  GEO.  S.  The  Separ- 
ate System  of  Sewerage  :  its  Theorj'  and  Construction.  Third  edi- 
tion, revised.   With  maps,  plates  and  illustrations.   8vo,  cloth.  .$.3.00 

STANDAGE,  H.  C.   Leatherworkers'  Manual :  being  a 

Compendium  of  Practical  Recipes  and  Working  Formulae  for  Curriers, 
Boot-makers,  Leatlier  Dressers,  Blacking  Manufacturers,  Saddlers, 
Fancy  Leather  Workers,  and  all  persons  engaged  in  the  manipulation 
of  leather.    8vo,  cloth  ne^  83.50 

 Sealing  Waxes,  Wafers,  and  Other  Adhesives. 

For  the  Household,  Office,  Workshop  and  Factory.  8vo,  cloth,  96 
pages  net.  $2.00 
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STEWART,  R.  W.    A  Text  Book  of  Light.  Adapted 

to  the  Kequirements  of  the  Intermediate  Science  aud  Preliminary 
Scientific  Examinations  of  tlie  University  of  Loudon,  and  .iIbo  for 
General  Use.  Numerous  Diagrams  and  Examples.  12mo,  cloth,  .$1.00 

 A  Text  Book  of  Heat.  Illustrated.  8vo,  cloth... .$1.00 

 A  Text-Book    of  Magnetism    and  Electricity. 

160  illus.  and  Numerous  Examples.    12mo,  cloth   |1.00 

  An  Elementary  Text-book  of  Magnetism  and 

Electricity.    With  numerous  figures  and  diagrams.   12mo,  cloth  $1.00 

STONE,  ROY,  GENERAL.    New  Roads  and  Road 

Laws  in  the  United  States.  200  pages,  with  numerous  illustrations. 
12mo,  cloth  $1.00 

STILES,  AMOS.  Tables  for  Field  Engineers.  Designed 

for  use  in  the  field.  Tables  containing  all  the  functions  of  a  one 
degree  curve,  from  which  a  corresponding  one  can  be  found  for  any 
required  degree.  Also,  Tables  of  Natural  Sines  and  Tangents.  12mo, 
morocco,  tucks  $2.00 

STILLMAN,  PAUL.    Steam-Engine  Indicator  and  the 

Improved  Manometer  Steam  and  Vacuum  Gauges ;  their  Utility  and 
Application.    New  edition.    12mo,  flexible  cloth  $1.00 

STONEY,  B.  D.    The  Theory  of  Stresses  in  Girders 

and  Similar  Structures.  With  observations  on  the  application  of 
Theory  to  Practice,  and  Tables  of  Strength,  and  other  properties  of 
Materials.  New  revised  edition,  with  numerous  additions  on  Graphic 
Statics,  Pillars,  Steel,  Wind  Pressure,  Oscillating  Stresses,  Working 
Loads,  Riveting,  Strength  and  Tests  of  Materials.  777  pages,  143  il- 
lustrations, and  5  folding  plates.    8vo,  cloth  $12.50 

STUART,  C.  B.  U.  S.  N.    Lives  and  Works  of  Civil 

and  Military  Engineers  of  America.  With  10  steel-plate  engravings. 
8vo,  cloth  $5.00 

  The  Naval  Dry  Docks  of  the  United  States. 

Illustrated  with  24  fine  Engravings  on  Steel.  Fourth  edition.  4to, 
cloth  $6.00 

SUFFLING,  E.  R.     Treatise  on  the  Art  of  Glass 

Painting.  Prefaced  with  a  review  of  ancient  glass.  8vo,  cloth,  il- 
lustrated ■  net,  $3.  .50 

SWEET,  S.  H.    Special  Report  on  Coal,  showing  its 

Distribution,  Classification,  and  Costs  delivered  over  different  routes 
to  various  points  in  the  State  of  New  York  and  the  principal  cities  on 
the  Atlantic  Coast.    With  maps.    8 vo,  cloth  $3.00 

S  WO  OPE,  C.  WALTON.  Practical  Lessons  in  Elec- 
tricity ;  Principles.  Experiments  and  Arithmetical  Problems.  An 
Elementary  Te.x.t-Book.  With  numerous  tables,  formulae  and  two 
large  instruction  plates.  8vo,  cloth,  illustrated.  Third  edition. 
 net,  $2.00 
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TAILFER,  L.   Practical  Treatise  on  the  Bleaching  of 

Linen  and  Cotton  Yarn  and  Fal)rics.  With  tables  and  diagrams. 
Translated  from  the  French  by  John  Geddes  Mcintosh.  8vo,  cloth, 
illustrated  net,  $5.00 

TEMPIiETON,  WM.  The  Practical  Mechanic's  Work- 
shop Companion.  Comprising  a  great  variety  of  the  most  useful 
rules  and  formulae  iu  Mechanical  ^Science,  with  numerous  tables  of 
practical  data  and  calculated  results  facilitating  mechanical  operations. 
Revised  and  enlarged  by  W.  S.  Hutton.    12mo,  morocco  32-00 

TESLiA,  N.    Experiments  with  Alternate  Currents  of 

High  Potential  and  High  Frequency.  A  Lecture  delivered  before  the 
Institution  of  Electrical  Engineers,  London.  With  a  portrait  and 
biographical  sketch  of  the  author.  With  figures  and  diagrams. 
12mo,  cloth,  illustrated.    New  Edition   In  Press. 

THOM,  CHAS.,  and  WILLIS  H.  JONES.  Telegraphic 

Connections:  embracing  Recent  Methods  in  Quadruples  Telegraphy. 
20  full  page  plates,  some  colored.    Oblong,  8vo,  cloth  81-50 

THOMAS,  C.  W.  Paper  Makers'  Handbook  ;  a  Prac- 
tical Treatise.    Illustrated  In  Press. 

THOMPSON,  EDWARD  P.,  M.  E.  How  to  Make  In- 
ventions ;  or.  Inventing  as  a  Science  and  an  Art.  A  Practical  Guide 
for  Inventors.    Second  edition.     8vo,  boards  $1.00 

 Roentgen  Rays  and  Phenomena  of  the  Anode  and 

Cathode.  Principles,  Applications  and  Ti)eorie8.  For  Students, 
Teachers,  Physicians,  Photographers,  Electricians  and  others.  As- 
sisted by  Louis  M.  Pignolet,  N.  D.  C.  Hodges,  and  Ludwig  Gntmann, 
E.  E.  With  a  Chapter  on  Generalizations,  Arguments,  Theories, 
Kindred  Radiations  and  Phenomena.  By  Professor  Wm.  Anthony. 
50  Diagrams,  40  Half-tones.     Svo,  cloth   $1.50 

THORNLEY,  T.    Cotton  Combing  Machines.  With 

numerous  tables,  engravings  and  diagrams.     Svo,  cloth,  illustrated. 

343  pages  net,  $3.00 

ContenlH. — Preface,  List  of  Illuatrations ;  The  Silver  Lap  Ma- 
chine ;  Ribbon  Lap  Machine  and  Draw-Frame  ;  General  Description 
of  the  Heilmann  Comber  ;  The  Cam  Shaft ;  The  Detaching  and  At- 
taching Mechanism  of  the  Comber  ;  The  Duplex  Comber ;  Re-setting 
of  Combers  ;  The  erection  of  a  Heilmann  Comber ;  Stop  Motions  ; 
Various  Calculations  ;  Various  Notes  and  Discussions  ;  Cotton  Comb- 
ing Machines  of  Continental  Make  ;  Index. 

TODD,  JOHN  and  W.  B.  WHALL.  Practical  Seaman- 
ship for  Use  in  the  Merchant  Service  :  Including  all  ordinary  sub- 
jects ;  also  Steam  Seamanship,  Wreck  Lifting,  Avoiding  Collision, 
Wire  Splicing,  Displacement,  and  everything  necessary  to  be  known 
by  seamen  of  the  present  day.  Second  edition,  with  247  itluntrations 
and  diagrams.    Svo,  cloth  net,  $8.00 
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TOOTHED  GEARING.      A  Practical  Hand-Book  for 

Offices  imd  Workwliops.  By  a  Foreman  Patternmaker.  184  Illustra- 
tious.    12mo,  cloth  $2.25 

TRATMAN,  E.  E.  RUSSELL.    Railway  Track  and 

Track-Work.    With  over  two  hundred  illustrations.    8vo,  cloth .  $3. 00 

TRAVERSE  TABLE,  Showing  Latitude  and  Depart- 

ui'e  for  each  quarter  deforce  of  the  qiiadraat,  aud  for  distances  from  1 
to  100,  to  which  is  appended  a  table  of  Natural  Siues  and  Taugentsfor 
each  five  minutes  of  the  quadrant.  (Reprinted  from  Scribner's  Pocket 
Table  Book.)  Van  ISoslrand's  Svienoe  Herien.  16mo,  cloth. . .  .50 
 morocco  $1.00 

TRE VERT,  EDWARD.  How  to  build  Dynamo-Electric 

Machinery,  embracing  Theory  Designing  and  Ooustruotion  of  Dy- 
namos and  Motors.  With  appendices  on  Field  Magnet  and  Armature 
Winding,  Management  of  Dynamos  and  Motors,  and  Useful  Tables  of 
Wire  Gauges.    Illustrated.    Bvo,  cloth  $2.50 

 Electricity  and  its  Recent  Applications.  A  Practi- 
cal Treatise  for  Students  aud  Amateurs,  with  au  Illustrated  Dictionary 
of  Electrical  Terms  and  Phrases.    Illustrated.    12mo,  cloth .  $2. 00 

TUCKER,  Dr.  J.  H.  A  Manual  of  Sugar  Analysis,  in- 
cluding the  Applications  in  General  of  Analytical  Methods  to  the 
Sugar  Industry.  With  an  Introduction  on  the  Chemistry  of  Cane 
Sugar,  Dextrose,  Levulose,  and  Milk  Sugar.  Svo,  cloth,  illus- 
trated $3.50 

TUMLIRZ,  Dr.  O.    Potential  and  its  Application  to 

the  Explanation  of  Electi'ic  Phenomena,  Popularly  Treated.  Trans- 
lated from  the  German  by  D.  Robertson.    111.    12mo,  cloth.  . .  .$1.25 

TUNNER,  P.    A.    Treatise  on  Roll-Turning  for  the 

Manufacture  of  Iron.  Translated  and  adapted  by  John  B.  Pearse,  of 
the  Pennsylvania  Steel  Works,  with  numerous  engravings,  woodcuts. 
Svo,  cloth,  with  folio  atlas  of  plates. . . . ;  $10.00 

UNDERHILL,  CHAS.  R.     The  Electro-Magnet.  New 

and  Ti  vised  (:(titio)i   In  Press. 

URQ,UHART,  J.  W.  Electric  Light  Fitting.  Embody- 
ing Practical  Notes  on  Installation  Management.  A  Haud-book  for 
Working  Electrical  Engineers.  With  numerous  illustrations.  12mo, 
cloth  $2.00 

  Electro-Plating.    A  Practical  Hand  Book  on  the 

Deposition  of  Copper,  Silver,  Nickel,  Gold,  Brass,  Aluminium,  Plat- 
ininum,  etc.    Third  edition.     12mo  $2.00 

 Electrotjrping ;  A  Practical  Manual  forming  a  New 

and  Systematic  Guide  to  the  Reproduction  and  Multiplication  of 
Printing  Surfaces,  etc.    12mo  $2.00 
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WABNEE,,  ROBERT.  Ventilation  in  Mines.  Trans- 
luted  from  the  Germau  by  Cliarles  Salter.  With  plates  and  engrav- 
ings.   8vo,  cloth,  illustrated,  240  pages  net.  $4.50 

WADE,  E.  J.  Second  Batteries:  Their  Theory,  Con- 
struction and  Use.  With  innumerable  diagrams  and  figures.  8vo, 
cloth,  illustrated,  492  pages   net.  $4.00 

WALKER,  FREDERICK  C.  E.    Aerial  Navigation: 

A  Practical  Hand-book  on  the  Construction  of  Dirigible  Balloons, 
Aerostats,  Aeroplanes  and  Aeromotors.  With  diagrams,  tables  and 
illustrations.    8vo,  cloth,  illustrated,  151  pages  net.  $3.00 

WALKER,  W.  H,    Screw  Propulsion.   Notes  on  Screw 

Propulsion,  its  Rise  and  History.    8vo,  cloth  75 

WALKER,  SYDNEY  F.     Electrical  Engineering  in 

Our  Homes  and  Workshops.  A  Practical  Treatise  on  Auxiliary  Elec- 
trioid  Apparatus.  Third  edition,  revised,  with  numerous  illustra- 
tions  $2.00 

 Electric  Lighting  for  Marine  Engineers,  or  How  to 

Light  a  Ship  by  the  Electric  Light  and  How  to  Keep  the  Apparatus 
in  Order.    103  illustrations.    8vo,  cloth.    Second  edition  $2.00 

WALLING,  B.  T.,  (Lieut.  Com.  U.  S.  N.),  and  Julius 

Martin.  Electrical  Installations  of  the  United  States  Navy.  With 
many  diagrams  and  engravings.    8vo,  cloth,  illustrated  In  Press. 

WALLIS-TAYLER,  A.  J.  Modern  Cycles,  A  Practi- 
cal Handbook  on  Their  Construction  and  Repair.  With  300  illustra- 
tions.   8vo,  cloth  $4.00 

  Motor  Cars,  or  Power  Carriages  for  Common 

Roads.    With  numerous  illustrations.    8vo,  cloth  $1.80 

 Bearings  and  Lubrication,     A  Handbook  for  every 

user  of  Machinery.    Fully  illustrated.    8vo,  cloth  $1.50 

  Refrigerating  and  Ice-Making  Machinery.  A 

Descriptive  Treatise  for  the  use  of  persons  employing  refrigerating 
and  ice-making  installations  and  others.    8vo,  cloth,  illustrated.. $3. 00 

 Refrigeration  and  Cold  Storage  ;  being  a  complete 

practical  treatise  on  the  art  and  science  of  refrigeration.  600  pp., 
361  diagrams  and  figures.    8vo,  cloth,  illustrated  net,  $4.50 

 Sugar  Machinery.  A  Descriptive  Treatise,  devoted 

to  the  Machinery  and  Apparatus  used  in  the  Manufacture  of  Cane 
and  Beet  Sugars.    12mo,  cloth,  ill  $2.00 

WANKLYN,  J.  A.  A  Practical  Treatise  on  the  Exam- 
ination of  Milk  and  its  Derivatives,  Cream,  Butter,  and  Cheese. 
12mo,  cloth  $1.00 

 Water  Analysis.  A  Practical  Treatise  on  the  Ex- 
amination of  Potable  Water.    Tenth  edition.    12mo,  cloth  $2.00 


48 


D.  VAN  NOSTRAND  COMPANY'S 


WANSBROUGH,  WM.  D.    The  A.  B.  C.  of  the  Differ- 

eutial  Calculus.    12m(),  cloth  $1.50 

WARD,  J.  H.  Steam  for  the  Million.  A  Popular  Treat- 
ise ou  steam,  ami  its  application  to  the  Useful  Arts,  especially  to 
Navigation.    8vo,  cloth  $1.00 

WARING,  GEO.  E.,  Jr.    Sewerage  and  Land  Drainage. 

Illustrated  with  wood-cuts  in  the  text,  and  full-page  and  folding 
plates.    Quarto.    Cloth.     Third  edUion  86.00 

  Modem  Methods  of  Sewage  Disposal  for  Towns, 

Public  lustitutions  and  Isolated  Houses.  .S'':cond  ediliun,  revised 
ayid  enlarged     260  pages.    Illustrated,    cloth  82.00 

 How  to  Drain  a  House.    Practical  Information  for 

Householders.    Titird  edition  cnlarr/ed.    12mo,  cloth  $1.25 

WATSON,  E.  P.  Small  Engines  and  Boilers.  A  man- 
ual of  Concise  and  Specitic  Directious  for  the  Coustruction  of  Small 
Steam  Engines  and  Boilers  of  Modern  Types  from  five  Horse-power 
down  to  model  sizes.  Illustrated  with  Numerous  Diagrams  and  Half 
Tone  Cats.    12mo,  cloth  81.25 

WATT,  ALEXANDER.  Electro-plating  and  Electro- 
refining  of  Metals.  Being  a  new  edition  of  Alexander  Watts'  "Electro- 
Deposition."  Itevised  and  largctij  re-written  by  Arnold  Philip, 
B.  Sc.  With  numerous  figures  and  engravings.  8vo,  cloth,  illus- 
trated, 680  pages   net  81.50 

 Electro-Metallurgy  Practically  Treated.  Eleventh 

edition,  considerably  enlarged.     12mo,  cloth  81-00 

 The  Art  of  Soap-Making.    A  Practical  Handbook 

of  the  Manufacture  of  Hard  and  Soft  Soaps,  Toilet  Soaps,  &c.  In- 
cluding many  New  Processes,  and  a  Chapter  on  the  Recovery  >  . 
Glycerine  from  Waste  Lyes.  With  illustrations.  Fifth  edition, 
revisf  d  and  enlarged.    Svo,  cloth  $3.00 

 The  Art  of  Leather  Manufacture.  Being  a  Prac- 
tical HaUvlbook,  in  which  the  0|)eration8  of  Tanning,  Currying,  and 
Leather  Dressing  are  Fully  Described,  and  the  Principles  of  Tanning 
Explained,  and  many  Recent  Processes  Introduced.  With  numerous 
illustrations.    Second  edition.   Svo,  cloth  84.00 

WEALE,  JOHN.     A  Dictionary  of  Terms  Used  in 

Architecture,  Building,  Engineering,  Mining,  Metallurgy,  Archaelofify, 
the  Fine  Arts,  etc.,  with  explanatory  observations  connected  with 
applied  Science  and  Art.  J-ifth  edition,  revised  and  corrected, 
12mo,  cloth  $2.50 

WEBB,  HERBERT  LAWS.    A  Practical  Guide  to 

the  Testing  of  Insulated  Wires  and  Cables.  Dlustrated.  12mo, 
cloth  $1.00 

 The  Telephone  Hand  Book.     128  illustrations.  146 

pages.    16mo.,  cloth  $1.00 
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WEEKES,  R.  W.   The  Design  of  Alternate  Current 

Transfor'ners.    Illustrated.    12ino,  cloth  $1.00 

WEISBACH,    JULIUS.    A  Manual   of  Theoretical 

Mechanics.  Ninth  American  edition.  Translated  from  the  fourth 
augmented  and  improved  German  edition,  with  an  Introduction  to 
the  Calculus  by  Eckley  B.  Coxe,  A.M.,  Mining  Engineer.  1,100 


pages,  and  902  woodcut  illustrations.    8vo,  cloth   $6.00 

Sheep  7.50 

WESTON,  EDMUND  B.     Tables  Showing  Loss  of 

Head  Due  to  Friction  of  Water  in  Pipes.  Second  edition.  ]  2mo, 
cloth  $1.50 


WEYMOUTH,  F.  MARTEN.     Drum  Armatures  and 

Commutators.  (Theory  aud  I'ractice.)  A  complete  Treatise  on  the 
Theory  and  Construction  of  Drum  Winding,  and  of  commutators  for 
closed-coil  armatures,  together  with  a  full  resume  of  some  of  the  prin- 
cipal points  involved  in  their  design,  and  an  exposition  of  armature 
re-actions  and  sparking.    8vo,  cloth  $3.00 

WHEELER,  Prof,  J.  B.     Art  of  War.     A  Course  of 

Instruction  in  the  Elements  of  the  Art  and  Science  of  War,  for  the 
Use  of  the  Cadets  of  the  United  States  Militaiy  Academy,  West  Point, 
N.  Y.    12mo,  cloth  $1.75 

WHEELER,  Prof.  J.  B.     Field  Fortifications.  The 

Elements  of  Field  Fortifications,  for  the  Use  of  the  Cadets  of  the 
United  States  Military  Academy,  West  Point,  N.  Y.    12mo,  cl. .  .$1.75 

WHIPPLE,  S.,  C.  E.    An  Elementary  and  Practical 

Treatise  on  Bridge  Builtling.     8vo,  cloth  $3.00 

WHITE,  W.  H.,  K.  C.  B.    A  Manual  of  Naval  Archi- 

,  tecture,  for  use  of  Officers  of  the  Royal  Navy,  Officers  of  the  Merchau- 
tile  Marine,  Yachtsmen,  Shipowners  and  Shipbuilders.  Containing 
many  figures,  diagrams  aud  tables.    Thick,  8vo,  cloth,  illus  .$9.00 

WHITELAW,  JOHN,  Jr.    Surveying,  as  Practiced 

by  Civil  Engineers  aud  Surveyors ;  including  the  setting-out  of  work 
for  construction  and  surveys  abroad,  with  examples  taken  from  actual 
practice.  Intended  as  a  hand-book  for  Field  aud  Office  use  ;  also  as 
a  text-book  for  Students.  With  numerous  tables,  full-page  plates 
and  diagrams.    8vo.  cloth,  illustrated,  516  pages  net.  $4.00 

WILKINSON,  H.  D,    Submarine  Cable-Laying,  Re- 
pairing and  Testing.   8vo,  cloth  $5.00 

WILLIAMSON,  R.  S.    On  the  Use  of  the  Barometer  on 

Surveys  and  Reconnoissances.  Part  I.  Meteorology  in  its  Connection 
with  Hypsometry.  Part  II.  Barometric  Hypsometry.  With  Illus- 
trative tables  and  engravings.    4to,  cloth  $15.00 

  Practical  Tables  in  Meteorology  and  Hypsometry, 

in  connection  with  the  use  of  the  Barometer.    4to,  cloth   $2.50 
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WILSON,  GEO.  Inorganic  Chemistry,  with  New  No- 
tation. Revised  and  enlarged  by  H.  G.  Madan.  Now  edition. 
12mo,  cloth  •  82.00 

WILLSON,  F.  N.   Theoretical  and  Practical  Graphics  ; 

au  Educational  Course  on  the  Tlieory  and  Practical  Applic;iti<)n8  of 
Descriptive  Geometry  and  Mechanical  Drawing.  Prepared  for  stu- 
dents in  General  Science,  Engraving,  or  Architecture.  Third  Edition 
Revisfd.    4to,  cloth,  illustrated  net,  S4.00 

WINKLER,  CLEMENS,  and  GEO.  LUNGE.  Hand- 

Book  of  Technical  (ias-Analysis.  With  figures  and  diagrams.  Srcond 
English  edition.  Translated  from  the  Third,  greatly  enlarged  Ger- 
man Edition,  with  some  additions  by  George  Lunge,  Ph.  D.  8vo. 
cloth,  illustrated,  190  pages  '  $4.00 

WOODBURY,  D.  V.  Treatise  on  the  Various  Elements 

of  stability  in  the  Well-Proportioned  Arch.    8vo,  half  morocco  .  84. 00 

WRIGHT,  A.  C.  Analysis  of  Oils  and  Allied  Sub- 
stances.   8vo,  cloth,  illustrated,  241  pages _  net  83.50 

  Simple  Method  for  Testing  Painters'  Materials. 

8vo,  cloth,  IGO  pages  nrt.  S2.o0 

WRIGHT,  T.  W.,  PROF.    {Union  College).  Elements  of 

Jlechanics  ;  including  Kinematics,  Kinetics  and  Statics.  With  ap- 
plications.    Third  edition,  revised  and  enlarged.    8vo,  cloth..  $2.50 

WYNKOOP,  RICHARD.     Vessels  and  Voyages,  as 

Regulated  by  Federal  Statutes  and  Treasury  Instructions  and  Decis- 
ions.   8vo,  cloth  82.00 

YOUNG,  J.  ELTON.    Electrical  Testing  for  Telegraph 

Engineers.  With  Appendices  consisting  of  Tables.  8vo,  cloth,  illus- 
trated 84.00 

YOUNG    SEAMAN'S    MANUAL.     Compiled  from 

Various  Authorities,  and  Illustrated  with  Numerous  Original  and 
Select  Designs,  for  the  Use  of  the  United  States  Training  Ships  and 
the  Marine  Schools.    8vo,  half  roan  83.00 

ZIPSER,   JULIUS.      Textile   Raw   Materials,  and 

their  Conversion  into  Yarns.  The  study  of  the  Raw  Materials  and 
the  Technology  of  the  Spinning  Process.  A  Text-book  for  Textile, 
Trade  and  higher  Technical  Schools,  as  also  for  self-instruction. 
Based  upon  the  ordinary  syllabus  and  curriculum  of  the  Imperial  and 
Royal  Weaving  Schools.  Translated  from  the  German  by  Chas.  Sal- 
ter,  bvo,  cloth,  illustrated  net.  $5.00 


Catalogue  of  the  Van  Nostrand 

Science  Series. 


7 'HEY  are  put  up  in  a  uniform,  neat,  and  attractive  fortn.  iSmo, 
boards.  Price  jo  cents  per  volume.  The  subjects  are  of  an 
eminently  scientific  character,  and  embrace  a  wide  range  of  topics,  and 
are  amply  illustrated  when  the  subject  demands. 

No.  1.    CHIMNEYS  FOR  FURNACES  AND  STEAM-BOILERS. 

By  R.  Armstrong,  C.E.  Third  American  edition,  revised  and  partly 
rewritten,  with  an  appendix  on  Theory  of  Chimney  Draught,  by  F.  E. 
Idell,  M.E. 

No.  2.    STEAM-BOILER  EXPLOSIONS.    By  Zerah  Colburn.  N«w 

edition,  revised  by  Prof.  R.  H.  Thurston. 

No.  3.    PRACTICAL   DESIGNING    OF    RETAINING- WALLS. 

By  Arthur  Jacob,  A.B.  Second  edition,  revised,  with  additions  by  Prof. 
W.  Cain. 

No.  4.  PROPORTIONS  OF  PINS  USED  IN  BRIDGES.  Second 
edition,  with  appendix.     By  Charles  E.  Bender,  C.E. 

No.  5.    VENTILATION  OF  BUILDINGS.    By  W.  K  Butler.  Second 

edition,  re-edited  and  enlarged  by  James  L.  Greenleaf,  C.E. 

No.  6.    ON    THE    DESIGNING    AND    CONSTRUCTION  OF 

STORAGE  RESERVOIRS.  By  Arthur  Jacob,  A.B.  Second  edition, 
revised,  with  additions  by  E.  Sherman  Gould. 

No.  7.    SURCHARGED   AND   DIFFERENT   FORMS   OF  RE- 

TAINING-WALLS.    By  James  S.  Tate,  C.E. 

No.  8.    A  TREATISE  ON  THE  COMPOUND  ENGINE.    By  John 

Turnbull,  jun.    Second  edition,  revised  by  Prof.  S.  W.  Robinson. 

No.  9.    A  TREATISE  ON  FUEL.     By  Arthur  V.  Abbott,  C.  E. 

Founded  on  the  original  treatise  of  C.  William  Siemens,  D.C.L. 

No.  10.  COMPOUND  ENGINES.  Translated  from  the  French  of  A. 
Mallet.  Second  edition,  revised,  with  Results  of  American  Practice,  by 
Richard  H.  Buel,  C.E. 

No.  II.    THEORY  OF  ARCHES.    By  Prof.  W.  Allan. 

No.  12.    A   THEORY  OF   VOUSSOIR   ARCHES.    By  Prof.  W.  E. 

Cain.    Second  edition,  revised  and  enlarged.  Illustrated. 
No.  13.    GASES  MET  WITH  IN  COAL-MINES.    By  J.  J.  Atlcinson. 

Third  edition,  levised  and  enlarged  by  Edward  H  Williams,  jun. 
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No.  14.    FRICTION  OF  AIR  IN  MINES.    By  J.  J.  Atkinson. 

No.  15.    SKEW  ARCHES.    By  Prof.  E.  W.  Hyde.  C.E.  Illustrated. 

No.  16.  A  GRAPHIC  METHOD  OF  SOLVING  CERTAIN  QUES- 
TIONS IN  ARITHMETIC  OR  ALGEBRA.    By  Prof.  Geo.  L.  Vose. 

No.  17.  WATER  AND  WATER-SUPPLY.  By  Prof.  W.  H.  CorfieUl 
of  the  University  College,  London. 

No.  18.    SEWERAGE  AND    SEWAGE   PURIFICATION.  By 

M.  N   B.iker,  Assoc.  Ed.  Engiyieeriii^  A'ews. 

No.  19.    STRENGTH    OF     BEAMS    UNDER  TRANSVERSE 

LOADS.    By  Prof.  \V.  Allan,  author  of  "Theory  of  Arches." 

No.  20.  BRIDGE  AND  TUNNEL  CENTRES.  By  John  B.  Mo- 
Master,  C.E. 

No.  21.    SAFETY  VALVES.    By  Richard  II.  Buel,  C.E.  Third  edition. 
No  22.    HIGH  MASONRY  DAMS.    By  E.  Sherman  Gould,  C.E. 

No.  23.    THE    FATIGUE    OF   METALS  UNDER  RKPEATED 

STRAINS.  With  Various  Tables  of  Results  and  E.xptrnnt-nts.  From 
the  German  of  Prof.  Ludwig  Spangenburgh,  with  a  Preface  by  S.  IL 
Shreve,  A.M. 

No.  24.    A    PRACTICAL    TREATISE    ON    THE    TEETH  OF 

WHEELS.    By  Prof.  S.  W.  Robinson.    Second  edition,  revised. 

No.  25.  ON  THE  THEORY  AND  CALCULATION  OF  CON- 
TINUOUS BRIDGES.  By  R.  M.  Wilcox,  Ph.B. 

No.  26.    PRACTICAL  TREATISE  ON  THE  PROPERTIES  OF 

CONTINUOUS  1!RIUC;ES     By  Ch.irles  P.endcr,  C  E. 

No.  27.    ON    BOILER    INCRUSTATION     AND  CORROSION 

By  F.  J.  Rowan.  New  edition,  revised  and  partly  rewrillen  uy  P.  E. 
Idell,  M.  E. 

No.  28.    TRANSMISSION     OF    POWER    BY    WIRE  ROPES 

By  Albeit  W.  Stahl,  U.S.N.    Second  edition. 

No.  29.  STEAM  INJECTORS.  Translated  from  the  French  ol 
M.  Leon  Pochet. 

No.  30.    TERRESTRIAL  MAGNETISM,  AND  THE  MAGNET- 

ISM  OF  IRON  VESSELS.    By  Prof.  1-airman  Rogers. 

Ko.  31.  THE  SANITARY  CONDITION  OF  DWELLING- 
HOUSES  IN  TOWN  AND  COUNTRY.    By  George  E.  Waring,  jua 

No.  32.    CABLE-MAKING   FOR   SUSPENSION   BRIDGES.  Bj 

W.  Hildenbrand,  C.E. 

No.  33._  MECHANICS  OF  VENTILATION.  By  George  W.  Rafter, 
C.E.    New  edition  (1895),  revised  by  author. 

No.  34.    FOUNDATIONS.     By  Prof.  Jules  Gaudard,  C.E.  Translated 

from  the  French. 

No.  15.  THE  ANEROID  BAROMETER-  ITS  CONSTRUC- 
TION AND  USE.    Compiled  by  George  W.  Plympton.  Eighth  edition. 

No.  36     MATTER  AND  MOTION.     By  J.  Cl>rk  Maxwell,  M.A. 
.Second  .'\nierican  edition. 
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No.  37.  GEOGRAPHICAL  SURVEYING:  ITS  USES,  METH- 
ODS, AND  RESULTS.    By  F"rauk  De  Yeaux  Carpenter,  C.E. 

No.  38.    MAXIMUM   STRESSES   IN    FRAMED   BRIDGES.  By 

Prof.  William  Cain,  A.M.,  C.E.   New  and  revised  edition. 

No.  39.    A     HANDBOOK     OF     THE  ELECTRO-MAGNETIC 

TELEGRAPH.    By  A.  E.  Loring.   New  enlarged  edition. 

No.  40.    TRANSMISSION  OF  POWER  BY  COMPRESSED  AIR. 

By  Robert  Zaliner,  M.E.   Second  edition. 

No.  41.    STRENGTH  OF  MATERIALS.    By  William  Kent,  C.E., 

Assoc.  Ed.  Engineering  News. 
No.  42.    THEORY   OF    STEEL-CONCRETE  ARCHES  AND 

OF  VAULTED  STRUCTURES.    By  Prof.  William  Cain. 

No.  43.    WAVE  AND  VORTEX  MOTION.    By  Dr.  Thomas  Craig  of 

Johns  Hopkins  University. 

No.  44.  TURBINE  WHEELS.  By  Prof.  W.  P.  Trowbridge,  Columbia 
College.    Second  edition. 

No.  45.  THERMODYNAMICS.  By  Prof.  H.  T.  Eddy,  University  of 
Cincinnati. 

No.  46.  ICE-MAKING  MACHINES.  New  edition,  revised  and  en- 
larged by  Prof.  ].  E.  Denton.    From  the  French  of  M.  Le  Doux. 

No.  47.    LINKAGES;  THE   DIFFERENT  FORMS  AND  USES 

OF  ARTICULATED  LINKS.    By  J.  D.  C.  de  Roos. 

No.  48.    THEORY    OF    SOLID   AND   BRACED  ARCHES.  By 

William  Cain,  C.E. 

No.  49.    ON   THE   MOTION   OF  A   SOLID  IN   A  FLUID.  By 

Thomas  Craig,  Ph.D. 

No.  50.  DWELLING-HOUSES:  THEIR  SANITARY  CON- 
STRUCTION AND  ARRANGEMENTS.    By  Prof.  W.  H.  Corfield. 

No.  51.    THE  TELESCOPE  :   ITS  CONSTRUCTION,  ETC.  By 

Thomas  Nolan. 

No.  52.  IMAGINARY  QUANTITIES.  Translated  from  the  French  of 
M.  Argand.    By  Prof.  Hardy. 

No.  53.    INDUCTION  COILS  :  HOW  MADE  AND  HOW  USED. 

Third  American,  from  Ninth  English  edition. 

No.  54.  KINEMATICS  OF  MACHINERY.  By  Prof.  Kennedy.  With 
an  introduction  by  Prof.  R.  H.  Thurston. 

No.  S5.    SEWER  GASES:  THEIR  NATURE  AND  ORIGIN.  By 

A.  de  Varona. 

No.  56.  THE  ACTUAL  LATERAL  PRESSURE  OF  EARTH- 
WORK.   By  Benjamin  Baker,  M.  InsL  C.E. 

No.  57.  INCANDESCENT  ELECTRIC  LIGHTING.  A  Practical 
Description  of  the  Edison  System.  By  L.  H.  Latimer,  to  which  is 
added  the  Design  and  Operation  of  Incandescent  Stations,  by  C.  J. 
Field,  and  the  Maximum  Efficiency  of  Incandescent  Lamps,  by  John 
W.  Howell. 

No.  58.    THE  VENTILATION  OF  COAL-MINES.   By  W.  Fairley. 

M.E  .  r.s.s. 
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No.  59.  RAILROAD  ECONOMICS;  OR,  NOTES,  WITH  COM- 
MENTS.   By  S.  \V.  Robinson.  C.E. 

No.  60.  STRENGTH  OF  WROUGHT-IRON  BRIDGE  MEM- 
BERS.   By  S.  W.  Robinson,  C.i:. 

No.  61.  POTABLE  WATER  AND  METHODS  OF  DETECT- 
ING IMPURITIES.    By  M.  X.  Baker,  I'h.B. 

No.  62.  THE  THEORY  OF  THE  GAS-ENGiNE.  By  Dugald  Clerk. 
Second  edition.  With  additional  matter.   Edited  by  F.  E.  Idell,  M.E. 

No.  63.    HOUSE   DRAINAGE  AND  SANITARY  PLUMBING. 

By  VV.  V.  Gerhard.    Eighth  edition,  revised. 

No.  64.    ELECTRO-MAGNETS.  By  A.  N.  Mansfield.  S.R 

No.  65.  POCKET  LOGARITHMS  TO  FOUR  PLACES  OF  DECI- 
MALS. 

No.  66.    DYNAMO-ELECTRIC  MACHINERY.    By  S.  P.  Thompsoa 

With  notes  by  F.  L.  Pope.    Third  edition. 

No.  67.    HYDRAULIC     TABLES     BASED     ON     "  KUTTER'S 

FORMULA."    By  P.  J.  Flynn. 

No.  68.  STEAM-HEATING.  By  Robert  Briggs.  Third  edition,  revised, 
with  additions  by  A.  R.  Wolff. 

No.  69.    CHEMICAL    PROBLEMS.     By  Prof.  J.  C.  Foye.  Fourth 

edition,  revised  and  enlarged. 

No.  70.  EXPLOSIVE  MATERIALS.  The  Phenomena  and  Theories 
of  Explosion,  and  the  Classification,  Constitution  and  Preparation  of 
Explosives.    By  First  Lieut.  John  P.  Wisser,  U.S.A. 

No.  71.    DYNAMIC    ELECTRICITY.     By   John    Hopkinson,  J.  N. 

Shoolbred,  and  R.  E.  Day. 

No.  7a.  TOPOGRAPHICAL  SURVEYING.  By  George  J.  Specht, 
Prof.  A.  S.  Hardy,  John  B.  McMastcr,  and  H.  K.  Walling. 

No.  73.    SYMBOLIC    ALGEBRA;    OR,    THE    ALGEBRA  OF 

ALGEBRAIC  NUMBERS.    By  Prof.  W.  Cain. 

No.  74.  TESTING  MACHINES  :  THEIR  HISTORY,  CON- 
STRUCTION, AND  USE.    By  Arthur  V.  Abbo't. 

No.  75.  RECENT  PROGRESS  IN  DYNAMO-ELECTRIC  MA- 
CHINES. Bein^  a  .Supplement  to  Dynamo-Electric  Machinery.  By 
Prof.  .Sylvanus  P.  Thompson. 

No.  76.    MODERN   REPRODUCTIVE  GRAPHIC  PROCESSES. 

By  Lieut.  James  S.  Pettit,  U.S.A. 

No.  77.    STADIA  SURVEYING.    The  Theory  ot  Stadia  Measurements. 

By  Arthur  Winslow. 

No.  78.    THE  STEAM-ENGINE   INDICATOR,  AND  ITS  USE 

By  W.  B.  Le  Van. 

No.  79.    THE  FIGURE  OF  THE  EARTH.    By  Frank  C.  Roberta, C.E. 

No.  80.  HEALTHY  FOUNDATIONS  FOR  HOUSES.  By  Gleoo 
Brown- 
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No.  8i.    WATER     METERS  :     COMPARATIVE     TESTS  OF 

ACCURACY,  DELIVKKY,  ETC.  Distinctive  features  of  the  Worth- 
ington,  Kennedy,  .Siemens,  and  Hesse  meters.    By  Ross  E.  Browne. 

No.  82.    THE    PRESERVATION   OF   TIMBER  BY  THE  USE 

OF  ANTISEPTICS.    By  Samuel  Bagster  Boulton,  C.E. 

No.  83.  MECHANICAL  INTEGRATORS.  By  Prof.  Henry  S.  H. 
Shaw,  C.E. 

No.  84.    FLOW  OF   WATER  IN  OPEN    CHANNELS,  PIPES, 

CONDUITS.  SEWERS,  ETC.    With  Tables.    By  P.  J.  Elynn,  C.E. 

No.  85.    THE  LUMINIFEROUS  .(ETHER.    By  Prof,  de  Volson  Wood. 

No.  86.    HAND-BOOK  OF  MINERALOGY;  DETERMINATION 

AND  DESCRIPTION  OF  MINERALS  FOUND  IN  THE  UNITED 
STATES.    By  Prof.  J.  C.  Foye. 

No.  87.  TREATISE  ON  THE  THEORY  OF  THE  CON- 
STRUCTION OF  HELICOIDAL  OBLIQUE  ARCHES.  By  John 
L.  Culley,  C.E. 

No.  88.  BEAMS  AND  GIRDERS.  Practical  Formulas  for  their  Re- 
sistance.   By  P.  H.  I'hilbricU. 

No.  89.    MODERN     GUN-COTTON:     ITS  MANUFACTURE, 

PROPERTIES,  AND  ANALYSIS.    By  Lieut.  John  P.  Wisser,  U.S.A. 

No.  90.  ROTARY  MOTION,  AS  APPLIED  TO  THE  GYRO- 
SCOPE.   By  Gen.  J.  G.  Barnard. 

No.  91.    LEVELING:  BAROMETRIC,  TRIGONOMETRIC,  AND 

SPIRIT.    By  Prof.  I.  O.  Baker. 

No.  92-  PETROLEUM  :  ITS  PRODUCTION  AND  USE.  By 
Boverton  Redwood,  F.I.C.,  F.CS. 

No.  93.  RECENT  PRACTICE  IN  THE  SANITARY  DRAIN- 
AGE OF  BUILDINGS.  With  Memoranda  on  the  Cost  of  Plumbing 
Work.    Second  edition,  revised.    By  William  Paul  Gerhard,  C.  E. 

No.  94.  THE  TREATMENT  OF  SEWAGE.  By  Dr.  C.  Meymott 
Tidy. 

No.  95-  PLATE  GIRDER  CONSTRUCTION.  By  Isami  Iliroi,  C.E. 
Second  edition,  revised  and  enlarged.    Plates  and  Illustrations. 

No.  96.  ALTERNATE  CURRENT  MACHINERY.  By  Gisbert 
Kapp,  Assoc.  M.  Inst.,  C.E. 

No.  97.    THE  DISPOSAL  OF  HOUSEHOLD  WASTE.    By  W. 

Paul  Gerhard,  Sanitary  Engineer. 

No.  98.    PRACTICAL  DYNAMO-BUILDING  FOR  AMATEURS. 

HOW  TO  WIND  FOR  ANY  OUTPUT.  By  Frederick  Walker. 
Fully  illustrated. 

Ko.  99.  tRIPLE-EXPANSION  ENGINES  AND  ENGINE 
TRIALS.  By  Prof.  Osborne  Reynolds.  Edited,  with  notes,  etc..  by 
F.  E.  Idell,  M.  E. 
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No.  100.    HOW  TO   BECOME  AN   ENGINEER  ;    OR,  THE 

THEORETICAL  AND  PRACTICAL  TRAINING  NECESSARY  IN 
FITTING  FOR  THE  DUTIES  OF  THE  CIVIL  ENGINEER.  The 
Opinions  of  Eminent  Authorities,  and  the  Course  of  Study  in  the 
Technical  Schools.     By  Geo.  VV.  Plympton,  Am.  Soc.  C.E. 

No.  loi.    THE     SEXTANT    AND     OTHER  REFLECTING 

MATHEMATICAL  INSTRUMENTS.  With  Practical  Suggestions 
and  Wrinkles  on  their  Errors,  Adjustments,  and  Use.  With  thirty- 
three  illustrations.     By  F.  R.  Brainard,  U.S.N. 

No.    102.     THE      GALVANIC     CIRCUIT  INVESTIGATED 

MATHEMATICALLY.  By  Dr.  G.  S.  Ohm,  Berlin,  1827.  Translated 
by  William  Francis.  Wuh  Preface  and  Notes  by  the  Editor,  Thomas 
D.  Lockwood,  M.I.E.E. 

No.  103.  THE  MICROSCOPICAL  EXAMINATION  OF  POTA- 
BLE WATER.    With  Diagram^     By  Geo.  W.  Rafter. 

No.  104.    VAN  NOSTRAND'S  TABLE-BOOK  FOR  CIVIL  AND 

MECHANICAL  ENGINEERS.    Compiled  by  Geo.  W.  Plympton,  C.E. 

No.  105.    DETERMINANTS,  AN  INTRODUCTION  TO  THE 

STUDY  OF.    With  examples.    By  Prof.  G.  A.  Miller. 

No.  106.    TRANSMISSION   BY  AIR-POWER.    Illustrated.  By 

Prof.  A.  B.  W.  Kennedy  and  \V.  C.  Unwin. 

No.  107.    A  GRAPHICAL  METHOD  FOR  SWING-BRIDGES. 

A  Rational  and  Easy  Graphical  Analysis  of  the  Stresses  in  Ordinary 
Swing-Bridges.  With  an  Introduction  on  the  General  Theory  of  Graphi- 
cal Statics.    4  Plates.    By  Benjamin  F.  LaRue,  C.E. 

No.  108.    A  FRENCH   METHOD  FOR   OBTAINING  SLIDE- 

VALVE  DIAGRAMS.     8  Folding  Plates.     By  Lloyd  Bankson,  B.S., 

Assist.  Naval  Constructor,  U.S.N. 
No.  109.    THE  MEASUREMENT  OF  ELECTRIC  CURRENTS. 

Electrical  Measuri.ng  Instruments.    By  Jas.  Swinburne.  Meters 

FOR   Electrical   Energy.      By  C.  H.  Wordingham.       Edited  by 

T.  Commerford  Martin.  Illustrated. 
No.  no.    TRANSITION   CURVES.     A  Field  Book  for  Engineers, 

containing  Rules  and  Tables  for  laying  out  Transition  Curves.  By 

Walter  G.  Fox. 

No.  III.  GAS-LIGHTING  AND  GAS-FITTING,  including  Specifica- 
tions and  Rules  for  Gas  Piping,  Notes  on  the  Advantages  of  Gas  for 
Cooking  and  Heating,  and  useful  Hints  to  Gas  Consumers.  Second 
edition,  rewritten  and  enlarged.    By  Wm.  Paul  Gerhard. 

No.  112.  A  PRIMER  ON  THE  CALCULUS.  By  E.  Sherman 
Gould,  C.E. 

No.  113.    PHYSICAL  PROBLEMS  AND  THEIR  SOLUTION. 

By  A.  Bourgougnon,  formerly  Assistant  at  Bellevue  Hospital. 

No.  114.  MANUAL  OF  THE  SLIDE  RULE.  By  F.  A.  Halsey  of 
the  American  Machinist.  Second  edition,  revised. 
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No.  IIS.  TRAVERSE  TABLES,  showing  the  difference  of  Latitude 
and  Departure  for  distances  between  i  and  loo  and  for  Angles  to 
Quarter  Degrees  between  i  degree  and  90  degrees.  (Reprinted  from 
Scribner's  Pocl<et  Table  Bool<.) 

No.  116.  WORM  AND  SPIRAL  GEARING.  Reprinted  from 
"American  Machinist."    By  F.  A.  Halsey. 
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Cctt eclogue  of  Weale's  Rudimentary 
Scientific  Series. 


IS"  "WEALE'S  SERIES  includes  Text-Books  on  almost  every  branch  of 
Science  and  Industry,  comprising  such  subjects  as  Architecture  and  Building, 
Civil  Engineering,  Fine  Arts,  Mechanics  and  Mechanical  Engineering,  Physical  and 
Chemical  Science,  and  many  miscellaneous  Treatises.  The  -whole  are  constantly 
undergoing  revision,  and  new  editions,  brought  up  to  the  latest  discoveries  in 
scientific  research,  are  constantly  issued.  We  carry  large  stocks  and  can  furnish 
nearly  aU  the  series  on  orders.  Such  as  are  not  in  stock  can  be  procured 
promptly." 

No.  Pbios. 

1.  Chemistry,  by  Fownes  $ 

2.  Natural  Philosophy,  by  Tomlinson  60 

4.  Mineralogy,  by  Kamsay.   3d  edition,  enlarged   1.40 

6.  Mechanics,  by  Tomlinson  60 

7.  Electricity,  by  Harris  

7*.  Galvanism  and  Electricity,  by  Harris  

8.  Budimentary  Magnetism,  by  Harris  and  Noad  

11.  Electric  Telegraph,  History,  by  Sabine  

12.  Pneumatics,  Acoustics,  &c.,  by  Chas.  Tomlinson,  F.R.S.  4th  Edition, 

enlarged  60 

IG.  Architecture,  Orders,  by  Leeds  60 

17.  Architecture,  Styles,  by  Bury  80 

16.  17,  bound  together   ...  1.40 

18.  Architecture,  Design,  by  Garbett   1.00 

16.  17,  and  18,  in  one  vol.  half -bound   2.40 

20.  Perspective,  by  Pyne  80 

22.  Building,  Art  of,  by  Dobson  80 

23.  Brick  and  Tile  Making,  by  Dobson   1.20 

25,  Masonry  and  Stone  Cutting,  by  Dobson   1.00 

31.  WeU-Sinking.    By  Swindell  and  BumeU  80 

32.  Mathematical  Instruments,  by  Heather.    New  Edition,  enlarged  by 

A.  T.  WAiinsLET  80 
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33.  Cranes  and  Machinery,  by  Glynn  $0.60 

34.  Steam  Engine,  by  Lardner  60 

35.  Blasting  and  Quarrying,  by  Burgoyne  60 

36.  Dictionary  of  Terms  in  Architecture,  &c.,  by  John  Weale.  Enlarged 

by  Eobert  Hunt,  F.R.S   2.00 

40.  Glass  Staining  and  Painting  on  Glass,  by  Gesseit  and  Fromberg   1.00 

42.  Cottage  Building,  by  C.  Bruce  Allen  80 

43.  Tubular  and  Girder  Bridges,  by  Dompsey  80 

44.  Foundations  and  Concrete  Work,  by  Dobson  60 

45.  Limes,  Cements,  Mortars,  &c.,  by  Bumell  60 

50.  Law  of  Contracts,  by  Gibbons  

51.  Naval  Architecture,  by  Peake   1.40 

53*  Ships,  Construction  of,  by  Sommerfeldt  60 

53**.  Plates  to  ditto,  4to   3.00 

54.  Masting  and  liigging,  by  Kipping  80 

54*.  Iron  Ship  Building,  by  Grantham  

55.  Navigation  ("  The  Sailor's  Sea  Book"),  by  Greenwood.    New  Edition 

by  W.  H.  Rosser   1.00 

57.  Warming  and  Ventilation,  by  Tomlinson  

69.  Steam  Boilers,  by  Armstrong  60 

60.  Land  and  Engineering  Surveying,  by  Baker  80 

61*  Beady  Ecckoncrfor  Land,  by  Arman  80 

67.  Clocks  and  Watches,  and  Bells,  by  Sir  E.  Beckett.      7th  Edition,  re- 
vised and  enlarged   1.80 

69.  Music,  by  Spencer   1.00 

71.  Pianoforte  Instruction,  by  Spencer  60 

69  &  71.  Music  and  the  Pianoforte,  by  Spencer.    In  1  vol.  half-bound  

72.  Recent  and  Fossil  Shells,  by  Woodward  

76.  Geometry,  Descriptive,  by  Heather  80 

80.  Marine  Engines,  by  Murray.    8th  Edition,  with  Additions  by  G.  Car- 

lisle, C.E   1.80 

80*  Embanking  Lands  from  the  Sea,  by  Wiggins  

81.  Water  Works,  by  Hughes   1.60 

83**.  Locks,  Construction  of   1.00 

83.  (bis).  Ships  and  Boats,  by  Bland  60 

83.  Book-keeping,  Haddon  60 

84.  Arithmetic,  by  Young  60 

84*.  Key  to  ditto  60 

85.  Equational  Arithmetic,  by  Hipsley  60 

86.  Algebra,  by  Haddon  80 

86*.  Key  to  ditto  60 

88.  Geometry.  Part  L  (Euclid,  Books  L—UL)  By  Law  GO 
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89.  Pnrt  II.    (Euclid,  Books  IV.,  V.,  VI.,  XI.,  XH.)  By  Law....f0.60 

88.  89.  Geometry,  in  1  vol.  (Euclid's  Elements.)   1.00 

90.  Analytical  Geometry,  by  Hann  and  Young  80 

91.  Plane  Trigonometry,  by  Hann  60 

92.  Spherical  Trigonometry,  by  Harm  40 

91,  92,  bound  together   1.00 

93.  Mensuration  and  Measuring,  by  Baker  60 

96.  Astronomy,  by  Main.    Revised  by  W.  T.  Lynn  80 

97.  Statics  and  Dynamics,  by  Baker  60 

98.  Mechanism  and  Machines,  by  Baker  and  Nasmyth   l.OO 

99.  Navigation  and  Nautical  Astronomy,  by  Young   1.00 

101.  Differential  Calculus,  by  WooUiouse  60 

102.  Integral  Calculus,  by  Cox  60 

106.  Ships'  Anchors,  by  Cotsell  

111.  Arches,  Piers  and  Buttresses,  by  Bland  60 

112.  Domestic  Medicines,  by  Gooding  80 

112*.  The  Management  of  Health,  by  Baird  40 

113.  On  the  Use  of  Field  Artillery,  by  H.  H.  MaiwelL  

113.*  Memoir  on  Swords,  by  Col.  Marey  

116.  Acoustics  of  Public  Buildings,  by  Smith  60 

117.  Subterraneous  Surveying,  by  Fenwick  and  Baker   1.00 

118.  Civil  Engineering  in  North  America,  by  Stevenson  

127.  Architectural  Modeling,  by  Richardson  60 

128.  Vitruvius'  Architecture,  by  Gwilt   2.00 

130.  Grecian  Architecture,  by  Lord  Aberdeen  40 

128,  l.SO,  in  1  vol.  half -bound   2.40 

131.  Miller's,  Com  Merchant's  and  Farmer's  Ready  Reckoner.  Revised 

by  Hutton  80 

132.  Dwelling  Houses,  Erection  of,  by  Brooks   1.00 

135.  Electro-metaUurgy,  Watt   1.40 

136.  Arithmetic,  by  Haddon  60 

137.  Key  to  ditto  

138.  Telegraph,  Handbook  of,  by  Bond  

139.  Steam  Engine,  Theory  of,  by  Baker  60 

HO.  Farming — Soils,  Manures  and  Crops,  by  Bum.   .80 

141.  Ditto      OutUnes — Farming  Economy,  by  Bum   1.20 

142.  Ditto      Cattle,  Sheep  and  Horses,  by  Bum   1.00 

143.  Experimental  Es-says,  by  C.  Towlinson  i  

14-5.  Farming,  Dairy,  Pigs,  and  Poultry,  by  Bum  80 

146.  Ditto      Sewage,  Irrigation,  &c.,  by  Bum   1.00 

140  to  110.  The  5  vols,  in  1,  half-bound   4.80 

147.  The  Stepping  Stone  to  Arithmetic,  by  A.  Arman  

148.  Key  to  the  same  
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149.  Sails  and  Sailmaking,  by  Kipping  $1.00 

150.  Logic,  by  Emmens  60 

151.  Handy  Book  on  the  Law  of  Friendly,  Industrial  and  Provident  Build- 

ing and  Loan  Societies,  by  A.  White  

153.  Locke  on  the  Understanding,  by  Emmens  60 

154.  General  Hints  to  Emigrants   ... 

155.  Engineer's  Guide  to  the  Navies  

156.  Quantities  and  Measurements,  by  Beaton  60 

157.  Emigrant's  Guide  to  Natal,  by  Dr.  Mann  

158.  Slide  Rule  and  How  to  Use  it,  by  Hoare   1.00 

162.  Brass  Founder's  Manual,  by  W.  Graham  80 

163.  Law  of  Patents  for  Invention,  by  F.  W.  Campin  

164.  Modern  Workshop  Practice,  by  J.  G.  Winton.    Fourth  Edition,  re--' 

vised  and  enlarged   1.40 

165.  Iron  and  Heat,  by  Armour   1.00 

166.  Power  in  Motion,  by  Armour  80 

167.  Iron  Bridges,  Girders,  &c.,  by  Campin  

168.  Drawing  and  Measuring  Instruments,  by  Heather  63 

169.  Optical  Instruments,  by  Heather  60 

170.  Surveying  aad  Astronomical  Instruments,  by  Heather  60 

168,  169,  170.  The  three  parts  as  above  in  1  vol   1.80 

The  above  form  an  enlargement  of  the  original  work,  "  Mathematical 
Instruments"  (No.  32). 
171    Engineering  Drawing,  by  John  Maxton   1.40 

172.  Mining  Tools,  by  William  Morgans   1.00 

172*.  Plates  to  ditto,  235  Engravings,  4to   1.80 

173.  Physical  Geology,  by  Portlock  and  Tate  80 

174.  Historical  Geology,  by  Ralph  Tate,  F.  G.  S   1.00 

173.  174.  Geology,  Portlock  and  Tate,  1  vol   1.80 

175.  Builder's  and  Contractor's  Price  Book  

176.  The  Metallurgy  of  Iron,  by  H.  Bauerman   2.00 

177.  Culture  of  Fruit  Trees,  by  Du  Breuil   1.40 

178.  Practical  Plane  Geometry,  by  J.  F.  Heather  80 

180.  Coal  and  Coal  Mining,  by  W.  W.  Smyth   1.40 

181.  Painting  (Fine  Art),  by  GuUick  and  Timbs   2.00 

182.  Carpentry  and  Joinery,  by  Tredgold  and  Tarn   1.40 

182*.  Atlas  of  35  plates  to  the  above   2.40 

183.  Animal  Physics,  by  Dr.  Lardner.    Part  1   1.60 

184.  Ditto.    Part  II   1.20 

183,  184.  Ditto.    In  1  Vol.    Cloth  boards   3.00 

18.5.  The  Complete  Measurer,  by  Richard  Horton   1.60 

186.  Grammar  of  Coloring,  by  Field,  Enlarged  by  Ellis  A.  Davidson,  with 

colored  plates   1.20 
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187.  Hinta  to  Young  Architects,  by  G.  Wightwick,  Enlarged  by  Q.  H. 

Guillaume  $1.40 

188.  House  Painting,  Ac,  by  Ellis  A.  Davidson   2.00 

189.  Practical  Bricklaying,  by  Adam  Hammond  60 

190.  Steam  and  the  Steam  Engine,  by  D.  K.  Clark   l.iO 

191.  Plumbing,  House    Drainage  and  Ventilation,  by  W.   P.  Buchan. 

Fifth  Edition,  Enlarged   1.40 

192.  Timber  Importers'  and  Builders'  Guide,  by  Grandy  80 

193.  Field  Fortification,  by  Major  W.  W.  KuoUys   1.20 

194.  House  Manager,  by  an  Old  Housekeeper   1.40 

194,  112.  112*.  House  Book  (The).    Three  vola  in  one,  half-bound   2.40 

196.  Compound  Interest  and  Annuities,  by  F.  Thoman   1.60 

197.  Roads  and  Streets,  by  Law  and  Clark   1.80 

198.  The  Sheep,  by  W.  C.  Spooner   1.40 

199.  The  Compendius  Calculator,  by  D.  O'Gorman,  revisod  by  C.  Norris....  1.00 

200.  Fuel,  by  C.  W.  Williams  and  D.  K.  Clark   1.40 

201.  Kitchen  Gardening  made  Easy,  by  Glenny  60  | 

202.  Locomotive  Engines,  by  Demps3y,  with  additions  by  D.  K.  Clark   1.20 

203.  Sanitary  Work,  by  Charles  Slagg   1.20 

204.  Mathematical  and  Nautical  Tables,  with  Treatise  on  Logarithms,  by 

Law  and  Young   1.60 

204*.  Logarithms,  Treatise  on,  with  Tables,  by  Ijaw,  from  the  above   1.20 

2o4<fc  55.  PracticAl  Navigation,  in  1  voL,  half-bound   2.80 

205.  Letter  Painting  Made  E  i-sv,  by  J.  G.  Badenoch  60 

20G.  A  Book  on  Building,  by  Sir  Edmund  Beckett   1.80 

207.  Form  ManaL-ement,  by  R.  Scott  Burn   1.00 

208.  Landed  Estates  Management,  by  li.  Scott  Burn   1.00  , 

207,  208.  Farm  and  Landed  Estates  Management,  by  R.  Scott  Bum,  in  1 

vol.,  half -bound   2.40 

209.  The  Tree  Planter  and  Plant  Propagator :  A  Practical  Manual,  by  Sam- 

uel Wood  80 

210.  The  Tree  Pruner,  by  Samuel  Wood  60 

209,  210.  The  Tree  Planter,  Propagator,  and  Pruner,  by  Samuel  Wood.  In 

1  vol.,  half-bound   1.40  ^ 

211.  The  Boilermaker's  Assistant,  by  Courtney  80 

212.  The  Construction  of  Gasworks,  by  S.  Hughes.    Seventh  Edition  by 

Wilham  Richards   2.20 

213.  Pioneer  Engineering,  by  Edward  Dobson,  C.  E   1.80 

214.  Slate  and  Slate  Quarrying,  by  D.  C.  Davies   1.20 

21.5.  The  Goldsmith's  Handbook,  by  G.  E.  Gee   1.20 

216.  Materials  and  Construction,  by  F.  Campin   1.20 

217.  Sewing  Machinery,  by  J.  W.  Urquhart,  C.  E  80 

S18.  Hay  and  Straw  Measurer,  by  John  Steele  80 
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219.  Civil  Engineering,  by  Law  and  Bumell,  with  Eecent  Practice,  by  D. 

K.  Clarke,  M.  I.  C.  E  $2.60 

221.  Measures, Weights,  and  Moneys  of  All  Nations,  by  W.  S.  B.  Woolhouse. 

New  Edition   1.00 

222.  Suburban  Farming,  by  Prof.  Donaldson  

223.  Mechanical  Engineering,  by  F.  Campin,  C.  E   1.00 

224.  Coach  Building,  by  Jas.  W.  Burgess   1.00 

225.  The  Silversmith's  Handbook,  by  G.  E.  Gee   1.20 

215,  225.  The  Goldsmith's  and  Silversmith's  Complete  Handbook,  by  Gee. 

half -bound  ;   2.80 

226.  The  Joints  used  by  Builders,  by  J.  W.  Chris  ty   1.20 

227.  Mathematics  as  applied  to  the  Constructive  Arts,  by  F.  Campin,  C.  E.  1.20 

228.  The  Construction  of  Koofs,  by  E.  W.  Tarn  60 

229.  Elementary  Decoration,  by  J.  W.  Facey  80 

230.  Hand  Railing  by  Geo.  CoUings   1.00 

231.  Grafting  and  Buding,  by  C.  Baltet   1.00 

232.  Cottage  Gardening,  by  E.  Hobday  60 

233.  Garden  Receipts.    Edited  by  C.  W.  Quin  60 

234.  Market  and  Kitchen  Gardening,  by  C.  W.  Shaw   1.20 

235.  Practical  Organ-Building,  by  Dickson   1.00 

236.  Details  of  Machmery,  by  F.  Campin,  C.  E  ■.   1.20 

237.  The  Smithy  and  Forge,  by  Crane.    2d  Edition   1.00 

238.  Sheet  Metal  Workers'  Guide,  by  Crane  60 

239.  Draining  and  Embanking,  by  Prof.  Scott  60 

240.  Irrigation  and  Water  Supply,  by  Prof.  Scott  60 

241.  Farm  Roads,  Fences  and  Gates,  by  Prof.  Scott  60 

242.  Farm  Buildings,  by  Prof.  Scott  80 

243.  Barn  Implements  and  Machines,  by  Prof.  Scott  80 

244.  Field  Implements  and  Machines,  by  Pros.  Scott  80 

245.  Agricultural  Surveying,  by  Prof.  Scott  60 

239  to  245.  The  7  vols,  in  1,  half-bound   4.80 

246.  Dictionary  of  Painters,  by  P.  Daiyl   1.00 

247.  Building  Estates,  by  Fowler  Maitland  80 

248.  Portland  Cement  for  Users,  by  Faija  80 

249.  The  Hail-Marking  of  Jewehy,  by  Gee   1.20 

250.  Meat  Production,  by  John  E wart   l.OO 

251.  Steam  and  Machinery  Management,  by  M.  Powis  Bale,  C.  E   1.00 

252.  Brickwork,  a  Practical  Treatise,  by  F.  Walker.  2nd  Edition,  revised..  .60 
23,  189  &  252.  The  Practical  Brick  and  Tile  Book,  in  1  volume,  half -bound. 

253.  The  Timber  Merchant's  Freight  Book,  by  W.  Richardson  and  M.  P.  Bale, 

254.  The  Boilermaker's  Ready  Reckoner,  by  J.  Courtney,  revised  by  D. 

K.  Clark   1.60 

254  and  211  in  one  volume,  half  bound   2. 80 


SCIENTrFIC  PUBLICATIONS. 


No.  Pbice. 

256.  Stationary  Engine  Driving,  by  Michael  Reynolds  $1.40 

257.  Practical  House  Decoration,  by  Facey   1.00 

229,  257.  House  Decoration,  by  Facey,  in  1  volume,  half -bound   2.00 

258.  Circular  Work  in  Carpentry,  by  Collings   1.00 

259.  Gas-Fitting,  by  John  Black   1.00 

2G0.  Iron  Bridges  of  Moderate  Span,  by  Hamilton  W.  Pendred.  80 

2C1.  Shoring,  by  Geo.  H.  Blagrove  60 

262.  Boot  and  Shoemaking,  by  J.  B.  Leno  80 

203.  Mechanical  Dentistry,  by  C.  Hunter   1.20 

26i.  Mining  and  Quarrying,  by  J.  H.  Collins  60 

2G5.  Practical  Brick  Cutting  and  Setting,  by  Adam  Hammond.  60 

23,  189,  265  in  one  volume,  half  bound   2.40 

267.  The  Science  of  Building,  by  E.  W.  Tarn   1.40 

268.  The  Drainnge  of  Lands,  Towns  and  Buildings,  by  G.  D.  Dempsey. 

Revised,  with  additions,  by  D.  K.  Clark.    2d  ed   1.80 

269.  Light;  an  Intro Juotion  to  the  Science  of  Optics,  by  E.  W.  Tarn  60 

270.  Wcod  Engraving,  by  W.  N.  Brown  60 

271.  Ventilation,  by  W.  P.  Buchan   l-4( 

272.  Roof  Carpentry,  by  George  CoUings  8 

273.  Tbi!  I'nictical  Plasterer,  by  'W.  Kemp  f 

274.  Elementary  Marine  Engineering,  by  J.  S.  Brewer  

275.  Laundry  Management  

276.  Cement,  Pastes,  Glues  and  Gums,  by  H.  C.  Standage  

277.  Fuels ;  Their  Analysis  and  Valuation,  by  H.  J.  Phillips  ; 

278.  Model  Locomotive  Engineer,  Fireman,  &o.,  by  M.  Reynolds  

279.  Constructional  Iron  and  Steel  V/ork,  by  F.  Campin.   1.4 

280.  Iron  and  Stsel  Bridges  and  Viaducts,  by  F.  Campin   1.4 

281.  French  Polishing  and  Enamelling,  by  R.  Bitmead  6 

282.  Electric  Lighting,  by  A.  A.  C.  Swinton  6i 


